NASA TECHNICAL NOTE

NASA TN D-8243

AERODYNAMIC DESIGN GUIDELINES
AND COMPUTER PROGRAM FOR
ESTIMATION OF SUBSONIC

WIND TUNNEL PERFORMANCE

William T, Eckert, Kenneth W. Mort,

and Jean Jope

Ames Research Center

and U.S. Army Air Mobility RED Laboratory o
Moffett Field, Calif. 94035 @

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION <+ WASHINGTON, D. C. - OCTOBER 1976




. Report No. "I 2. Government Accession No. 3. Recipient’s Catalog No.

TN D-8243
4. Title and Subtitle ’ : 5. Report Date
AERODYNAMIC DESIGN GUIDELINES AND COMPUTER PROGRAM FOR ESTIMATION October 1976

OF SUBSONIC WIND TUNNEL PERFORMANCE 6. Performing Organization Code

7. Author(s) ' 8. Performing Organization Report No.
William T. Eckert,* Kenneth W. Mort, and Jean Jope A-5944
: - 10. Work Unit No.
9. Performing Organization Name and Address . . 505-06-31

NASA Ames Research Center

and 11. Contract or Grant No.
Ames Directorate,U.S. Army Air Mobility R&D Laboratory

Moffett Field, CA 94035 :

12,

13. Type of Report and Period Covered

Sponsoring -Agency Name and Address Technical Note
National Aeronautics and Space Administration ’ - -
Washington, D. C. 20546 = and 14. Sponsoring Agency Code

U.S. Army Air Mobility R&D Laboratory, Moffett Field, CA 94035

. Supplementary Notes

*Ames Directorate, U.S. Army Air Mobility R&D Laboratory, Moffett Field, CA 94035

. Abstract

This report brings together and refines the previously scattered and over-simplified
techniques for the aerodynamic design and loss prediction of the components of subsonic wind
tunnels. General guidelines are given for the design of diffusers, contractions, corners, and
the inlets and exits of non-return tunnels. A system of equations, reflecting the current tech-
nology, has been compiled and assembled into a computer program (a user's manual for this program
is included) for determining the total pressure losses. The formulation presented is applicable
to compressible flow through most closed- or open-throat, single-, double-, or non-return wind
tunnels. A comparison of estimated performance with that actually achieved by several existing
facilities produced generally good agreement.

17.

Key Words (Suggested by Author(s)) T 18. Distribution Statement

Wind tunnel design (subsonic) Unlimited
Wind tunnel (subsonic) )

Duct flow Energy use analysis
Duct losses Power consumption

Wind tunnel performance analysis :
Aircraft testing : STAR Category - 02

. Security Classif. (of this report) : 20. Security Classif. (of this page) . . 21. No. of Pages 22, Price®
- Unclassified . Unclassified 197 $7.00

*For sale by the National Technical Information Service, Springfield, Virginia 22161.




TABLE OF CONTENTS

NOTATION (Engineering Symbols) e e e e e
SUMMARY . . . + v & « ¢ « & e e e e e e
INTRODUCTION . ¢ v -« & o o o o o « o o o o s
CAUTIONARY DESIGN GUIDELINES . . . . . . . .
Diffusers .« . ¢ ¢« ¢« ¢« o o o s 4 e e e 4 W
Contractions . . « « « « ¢ o o o « o o o &
Corners . . . e e e s e s e e e e e e
Non~Return W1nd Tunnels . . . . . . . . .
PERFORMANCE ESTIMATION . . . . « « « . .
General Approach . . ¢ ¢ + ¢« ¢« ¢ o ¢ o o &
Problem Restrictions . . . . . . . . . .
Computation Formulas . . . . . . . . . . .
Flow-state parameters . . . . . « + . .
Local conditions . . « « « + + ¢« . . .
Section pressure losses . . . . . . . .
COMPUTER PROGRAM DESCRIPTION . . . . « « « &
Method of Solution . . . . e
Computing Equipment Requlred c e e e e e
Hardware and machine components . . . .
Software « .« ¢« ¢ v ¢ v e 4 e e e e e
Programming Techniques . . . . . . . . . .
Source Code . « « ¢« v o v 4 o 4 4 s 4 o
Operating Instructions . . . . . . . .
Input . « & & ¢ & ¢ s 4 e e 4 e e e e
Output . . . . + & v v v ¢ 4 4 e s e .
Computer system restrictions . . . . . .
Optional inputs . . . . .« ¢« ¢« ¢« « o« o &
Diagnostic messages . . . . . . . .
Test Case . . . . . e e e e e e e
DISCUSSION AND APPLICATIONS e e e e e e e
Results . & ¢ ¢ v v ¢ ¢ o ¢ v v o o o o
Evaluation . . . . . . e . « e .
APPENDIX A - NON- STANDARD FUNCTIONAL FORMS .
Local Flow-State Parameters . . . . . . .
Mach number . . . . . ¢« . . + ¢ o .
Reynolds number . . . . . « . . « . . .
Friction coefficient . . . . . . . .
Section Pressure Losses . . « « « 4+ .« . .
Corners (constant area) . « « « + o « &
Corners (diffusing) . . . . « . . « + &
Diffusers . ¢« ¢« ¢ ¢ ¢ ¢ ¢ ¢ 4 4 4 e s W
EXit . & v v v 6 v v e v e e e

Flow straighteners: airfoil members (thick)

Internal flow obstruction: drag item

Vaned diffusers . . . . . ¢ ¢« ¢« &+ &
Loss value transferred to reference location
Wall pressure differential . . . . .

Input power required . . . . . . . . . .

iii

a2
"]
O\U'IUIUU!-L\-I-\J-\WWNNHH<E



TABLE OF CONTENTS - Concluded

APPENDIX B - NUMERICAL FUNCTION-APPROXIMATIONS . . . .

COTNELS & « o o o 2 o = o o & s o s s o« s o & « o o
DIffUSEIS v v v v v o o o o o o o o o o o o o o o o
Mesh Screen . . . « ¢« ¢ ¢ ¢« 4 o o 0 4 e e a6 s e s
Vaned Diffusers . . . . . « . ¢« ¢« + « o . . .
APPENDIX C - COMPUTER PROGRAM F@RTRAN CODES . « . « .
Notation (FORTRAN) . v & ¢ ¢ v v o o o o o o s o o =
PERFORM . . . & & ¢ v ¢ e o o o o o o o o o o o o o
DATACK « ¢ v v 4 4 o o o o o o o o o o o o o o o o s
SPEED & ¢« &+ ¢ & ¢ o o o o s o o s s o s o o o » o o
FRICTN ¢« ¢ «v v v ¢ « o o o o s o o o a o = s o o« « «
BUTPUT . &« v v o 2 o o o o o o o o o o o s o & o o a
PLOTIT .
APPENDIX D
REFERENCES ¢« « ¢ « ¢ o « o o e o s s o o o s o s 0.3 s
TABLES &+ ¢ ¢« &+ ¢ o « o o o« o s o o o o o o o o s s o »
FIGURES & ¢ v ¢ o o o o o = o o« o o o o o o o o« o o

iv

INPUT .AND OUTPUT FOR SAMPLE CASES . . . ..

Page

35
35
35
38
38
39
40
52
79
97
98
99
104
107
142
144
153



NCTATION-

(Engineering Symbols)

F@RTRAN!
Symbol name Description

A A cross-sectional area of local section, m? (ft2)

Ap total cross-sectional flow area at drive
fan(s), m?2 (ft2)

AFLow : AL cross-sectional area of local flow, m2 (ft2)

A, AO cross-sectional flow area of test section at

' upstream end, m? (ft2)

Ay Al cross-sectional flow area of section at

upstream end, m? (ft2)
. 3

Ay A2 cross-sectional flow area of section at i~ ~
downstream end, m? (ft2)

A, ASTAR cross-sectional area for sonic flow at
specified flow conditioms, m? (ft?)

AR AR cross-sectional flow area ratio of upstream
and downstream ends of section

- ag AT speed of sound in still gas, computed at total

(stagnation) conditions, m/sec (ft/sec)

ag - ASO speed of sound in moving flow at upstream end
of test section, m/sec (ft/sec)

B dummy constraint used in defining the friction
term of turning vane loss function

Cp ‘Cﬁ-‘ drag coefficient of flow obstructions:

o drag/qS
cy CH¢RD chord of turning vanes, m (ft)
D | D cross-sectional diameter of circular duct,
: m (ft)
De cross-section diameter at the upstream end of

an equivalent circular duct with equal area,
m (ft) :

INote that in this section, as throughout the report, all letter O's
occurring in FPRTRAN names are shown with slashes, as @; all number zeros are

shown without slashes.




FORTRAN

Symbol name Description
De2 cross—-section diameter at the downstream end of
an equivalent circular duct with equal area,
m (ft)
Dy DH hydraulic diameter: 4 X(cross—éectlonal area),
perimeter
m (ft)
ER ER energy ratio: ratio of energy of flow at the
test section to the output energy of the fans
£(9) FKTV1 function defining turning vane loss parameter
FKTV2 Kty
K EK local total pressure loss coefficient of sec-
Ap
tion: I
q
KCONTRACTION EKCNTR local total pressure loss coefficient from con-
tracting portion of thick-airfoil flow
straighteners
KpIFFusION EKD local total pressure loss coefficient from
diffusing portion of multi-loss—type sections
Kgxp EKEXP net expansion loss coefficient for diffusers
KEXPAdditi al EKADD additional diffuser expansion loss coefficient
on due only to more diffusion in one plane than
the other
KEXPB 1 EKBASE basic diffuser expansion loss factor coeffi-
asic cient for three-dimensional diffusion
K EKC expansion loss coefficient for conical
EXPCircular giffusers = o e -
Kgxp EK2DR expansion loss coefficient for a two-
Rectangular dimensional, rectangular cross-section
diffuser
KEXPS EKS expansion loss coefficient for three-
quare dimensional expansion in square cross-section
diffusers
KEXPZD EK2DCS estimated expansion loss value for a two-
Average dimensional diffuser (one with expansion in

only one plane) with cross—-section shape of
some square/circular hybrid

vi




FARTRAN

Symbol name Description
Kgxe,p EK2DC estimated expansion loss value for a hypotheti-
Circular cal two-dimensional diffuser with circular
sides:
K
Kgxp EXPcircular
2DRectangular KEXPSquare
KEXP3D EKCSAV estimated expansion loss coefficient for three-~
Average dimensional, combination circular and square
cross-section diffuser
KEXPANSION diffuser loss coefficient due to expansion:
K (AR - 1)2
EXP AR
KFRICTION turning vane loss due to friction
KFRICTION (CONICAL) diffuser loss due to friction for the equiva-
lent conical diffuser
KMESH EKMESH mesh screen-type loss parameter
Kref. 9 diffusezp}gss factor presented in reference 9:
[(aR - 1)/AR]?
Kpn mesh screen Reynolds number sensitivity factor
KROTATION turning vane loss coefficient due to rotation
Key EKTV turning vane loss coefficient
KTVgo EKTV90 turning vane loss parameter for given vanes at
a 90° turn
K, EKV local total pressure loss coefficient for vaned
diffusers
KyANED DIFFUSER local total pressure loss coefficient for vaned
AR - 1\?
diffuser, Ky (T)
Ko EKO section total pressure loss coefficient

referred to test section conditions:
ApT

9
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FORTRAN

Symbol name Description
Ko flow obstruction (drag item) total pressure
DRAG C . .
loss coefficient referred to test -section
conditions
L EL centerline length of section, m (ft)
L characteristic dimension on which Reynolds
number is based
M AMACH local Mach number
M, EMO Mach number at upstream end of test section
N N section assigned sequence number for order of
occurrence in circuit
Pprac power loss due to drag of flow obstruction,
W (hp)
PiNpPUT PWRIP tunnel drive power required to be input to flow
by the fans, W (hp)
PINPUTDRAG power input required to overcome‘drag of flow
obstruction, W (hp)
PREQﬁIRED . PWR@P total fan motor output power required to drive
wind tunnel at specified speed, W (hp)
) local static pressure, N/m?2 (1b/ft2?)
Pr PT tunnel total (stagnation) pressure, N/m?
(1b/£t2)
Pr PATM atmospherlc (barometric) pressure, N/m
ATM (lb/ftz)
PTgc total (stagnation) pressure in ghe circuit
settling chamber, N/m? (1b/ft?)
. 2
q local dynamic pressure: 9%— , N/m? (1b/ft2)
] . . . . 00 2
qo Qo test section dynamic pressure: 2 , N/m
(1b/£t2)
R R gas constant, m?/sec? °K (ft?/sec? °R)
Re ‘equivalent radius: VYA/m , m (ft)

viii




FARTRAN

Symboi name Description
RN RN Reynolds number: ove
RNREF RNREF reference Reynolds number at which turning vane
' 90° loss parameter, KTVgg’ was determined

S drag area of flow obstruction (i.e., area for
which Cp is determined), m? (ft?)

s distance along diffuser wall, m (ft)

s2 length of diffuser, taken along wall, m (ft)

T tunnel temperature in moving flow, °K (°R)

Tf TT tunnel total (stagnation) temperature, °K (°R)

v \' local flow Qelocity, m/sec (ft/sec) £

Vp flow velocity at the drive fan(s), m/sec
(ft/sec)

VSYSTEM flow velocity in a multiple-duct section, m/sec
(ft/sec)

Vo VO test section upstream-end flow velocity, m/éec
(ft/sec)

X 1ocat10n of 1nf1ect10n point in contraction -
wall (d1stance from upstream end), m (ft)

Y G specific heat ratio of gas

A RUFNES surface roughness in honeycomb cells, m (ft)

AER difference between estimated and true circuit -
energy ratios; i.e., error in energy ratio
estimate

Apg static pressure rise across the fan(s), N/m
~ (1b/£t?)

ApT total pressure drop through a section, N/m
(1b/£t2)

APTDUCT total pressure drop through a single duct of a
multiple-duct section, N/m? (1b/ft2)

Ap total pressure rise across the fan(s), N/m

Tp

(1b/ft?)

ix




FPRTRAN
name

Description

APREQUIRED

AV

Ae

DELP

SLR

EPS

ETAFAN

TH

SLAMDA

EMU

EMUSTD

EMUT

average total pressure rise across a single fan,
N/m? (1b/ft?)

total pressure drop through a multiple-duct
section, N/m? (1b/ft2)

summation of all total pressure drops through
the wind tunnel circuit, N/m?2 (1b/ft2)

local pressure difference across wind tunnel
wall, N/m? (1b/ft?)

difference between true and estimated required
drive power levels for given levels of oper-
ating velocity and fan efficiency; i.e.,
error in required power estimate, W (hp)

difference between estimated and true test sec-
tion operating velocity for given power and
fan efficiency levels; i.e., error in oper-
ating velocity estimate, m/sec (ft/sec)

increment of flow-obstruction downstream influ-
ence factor greater than unity: e -1
(greater than or equal to zero)

diffuser side length ratio: ratio of change in
height to change in width from upstream to
downstream end, or its inverse, whichever is
less than or equal to unity

flow-obstruction downstream influence coeffi-
cient (greater than or equal to unity)

drive motor electrical efficiency, percent
fan aerodynamic efficiency, percent
diffuser half-angle, rad

friction coefficient for smooth pipes
flow viscosity, N sec/m?2 (1b sec/ft2)

standard-day value of viscosity, N sec/m?
(1b sec/ft?)

reference viscosity at a known temperature, com-
puted for still gas (stagnation conditions),
N sec/m? (1b sec/ft2)

X




Symbol name Description

v ENU kinetic viscosity of gas, m?/sec (ft?/sec)

0 RH@S local static density, N sec?/m* (1b sec2/ft")

Py RH@ASF static densitz at the fan(s), N sec?/m"
(1b sec2/ft™)

Py RHAT density computed for total (stagnation) condi-
tions, N sec?/m"* (1b sec?/ft")

Po RHPSO static density at upstream end of test section,

N sec?/m* (1b sec?/ft")

N

z: Ky, SUMEKO summation of section total pressure losses

i=1 1 referenced to test section conditions

N

2: L; SUMEL summation of section centerline lengths, m (ft)

i=1

¢ PHI corner flow turning angle, deg

20 TH2 diffuser equivalent cone angle:

2 tan” ! (!@zéiégégi> , deg

xi




AERODYNAMIC DESIGN GUIDELINES AND COMPUTER PROGRAM FOR ESTIMATION
OF SUBSONIC WIND TUNNEL PERFORMANCE
William T. Eckert, Kenneth W. Mort, and Jean Jope

Ames Research Center
. and
Ames Directorate, U.S. Army Air Mobility R&D Laboratory

SUMMARY

This report brings together and refines the previously scattered and over-
simplified techniques for the aerodynamic design and loss prediction of the
components of subsonic wind tunnels. General guidelines are given for the
design of diffusers, contractions, corners, and the inlets and exits of non-
return tunnels. A system of equations, reflecting the current technology, has
been compiled and assembled into a computer program (a user's manual for this
program is included) for determining the total pressure losses. The formula-
tion presented is applicable to compressible flow through most closed- or open-
throat, single-, double-, or non-return wind tunnels. A comparison of
estimated performance with that actually achieved by several existing
facilities produced generally good agreement.

INTRODUCTION

In the past, most of the work on the design of ducts and wind tunnels and
on the determination of their pressure (and power) losses has been either
highly specialized, considering only one type of component, or over-simplified,
covering several types of components but giving only a superficial idea of
what parameters are important. However, for the recent NASA studies directed
toward new and modified wind tunnel facilities, it has been necessary to do a
careful job of estimating, easily and quickly, the performance of all circuit
components. This report brings together, revises, and updates the techniques
for the aerodynamic design and performance prediction of subsonic wind tunnels.

The basic procedures and guldelines for the aerodynamic design of
critical wind tunnel components, as presented in references 1 through 3, have
been revised and updated, as required. The diffuser and contraction design
curves developed and suggested herein show the relative design points for
several existing facilities. Also provided are recommendations derived from
recent NASA studies on end treatments for non-return wind tunnels.

The method of loss analysis presented is a synthesis of theoretical and
empirical techniques. Generally, the algorithms used were those substantiated
by experimental results. The methods of references 4 through 11 for predic-
ting component losses have been refined and incorporated. The performance




calculations, based on user-selected flow conditions at the test section,
assume that the circuit geometry has been predetermined.

The comparison of the actual and predicted performance for several
existing wind tunnel facilities shows generally good agreement.

CAUTIONARY DESIGN GUIDELINES

This report presents the means for rapidly estimating the performance of
a wind tunnel circuit after its geometry has been determined. However, an
improper design of any of its several components (diffusers, contractions, or
corners, for example) could result in performance penalties caused by inter-
action with the flow in other components; such penalties cannot be predicted.
In addition, improper design could cause poor test—section flow quality which
would not be indicated by the performance analysis. Therefore, the purposes
of this section are to point out critical areas of concern in wind tunnel
design and to attempt to establish proper design criteria.

Diffusers

Diffusers, especially those just downstream of high-speed sections, are
very sensitive to design errors which may cause flow separation. The equiva-
lent cone angle and area ratio must be properly selected to avoid steady-state
or intermittent separation of the flow from the diffuser walls. (This separa-
tion can cause vibration, oscillatory fan loading, oscillations in test sec-
tion velocity, and higher losses in downstream components.) Generally, proper
diffuser design requires that, for a given area ratio, the equivalent cone
angle be constrained below a certain value. ("Equivalent" denotes an imagi-
nary conical section with length and with inlet and exit areas identical to
the actual section.) This cone angle should probably be held 0.5° to 1° lower
for diffusers with sharp corners than for those with a rounded cross section.

Since the portion of the wind tunnel between the test section and the
fans is usually the higher-loss segment, it is the most critical in affecting
circuit performance. Therefore, it was used as a basis for establishing
recommended design limits as a guide to diffuser selection. It was assumed
that the fans serve to reenergize the boundary layer of downstream sections
and that the fans and the upstream and downstream components have no inter-
action that affects their losses; this may or may not be true (see ref. 12).
The overall area ratio and cone angle between the test section and fan contrac-~
tion were examined for several wind tunnels. This analysis used the centerline
lengths of all intervening components, including corners. (The actual effect
of cormers is unknown: they may alter the onset of separation somewhat.)
Figure 1(a) compares curves for the first appreciable stall for flows with
thin inlet boundary layers, from references 1 and 2, with the design points of
selected existing wind tunnels. These curves were used to aid in defining the
separation trend; good correlation with the symbols is not necessarily
expected. Figure 1(a) shows that most of these wind tunnels were designed
beyond (above) the two~dimensional stall curve but below the conical stall
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curve. (Some of these diffusers are far from conical.) The recommended
design region, shown in figure 1(b), was positioned with the prior knowledge
that the NASA-Ames 7- by 10-Foot Wind Tunnel has a partially separated dif-
fuser just downstream of the test section, and that the NASA-Ames 40- by
80-Foot Wind Tunnel has some local separation in the corners of the primary
diffuser. The upper portion of the design region is recommended for diffusers
with rounded corners, and the lower portion for diffusers with sharp corners.

Contractions

Contracting sections are subject to separation in the same manner as
diffusers; however, the penalties are usually much less severe in the con-
tracting sections. Separation of the flow can occur if the contraction is too
short for the amount of area reduction. Figure 2(a) presents the general wall
shapes suggested in reference 3 and figure 2(b) shows the design boundary for
these shapes in comparison with the designs of several selected wind tunnel
facilities.

From this comparison it is evident that, while some facilities were
designed more conservatively than others, no design severely exceeds the
design boundary. Since none of the facilities considered has shown signifi-
cant contraction-caused flow problems, the design boundary may be considered
empirically reasonable. Further, reference 13 generally tends to support the
positioning of the suggested design curve. However, the criteria of refer-
ence 13 are more conservative due to consideration of viscous effects which
were neglected in the study of reference 3.

Corners

The corner losses in a wind tunnel can be large. To minimize them, turn-
ing vanes should be used for more efficient turning. Also, as with any other
high-loss item corners should, where possible, be located in a large-area sec-
tion where the flow speed is low. Corner vane losses can be minimized in two
additional ways: (1) by selecting an efficient vane cross-sectional shape and
adjusting it for proper alignment with the flow, and (2) by choosing the best
chord-to-gap spacing.

With reference to item (1), turning vane shapes can vary from bent plates
to highly-cambered airfoils. Some sources favor airfoil vanes as being more
efficient (ref. 4, p. 63) while others claim that thin vanes can have lower
losses (ref. 5, p. 93). But airfoil vanes with blunted leading edges may be
more forgiving of misalignment with the flow. The thicker vanes may,
therefore, hold some advantage.

When considering item (2), the best chord-to—-gap ratio depends on the
vane type. For thick vanes, a ratio of about 2.5-to-1 is recommended (ref. 4,
p. 62) and for thin vanes a ratio of about 4-to-1 is suggested (ref. 5, p. 92).




Non-Return WindiTunnels

Non-return wind tunnels have presented some interesting problems in
tunnel design. This type of wind tunnel has the advantages of less structure
(and therefore lower construction costs) and of no exhaust-gas-purging or air-
exchange requirement. Careful design can make the non-return circuit oper-
ating power competitive with that of closed-return wind tunnels (the corner
losses can be traded for inlet and exit losses). However, an area of concern
for the non-return tunnel is its potential sensitivity to external winds which
could affect both the required power and the test section flow quality.

A recent series of NASA studies, which dealt with wind s.nsitivity prob-
lems, showed that a non-return wind tunnel should have three =2atures: (1) a
vertical exit system,  (2) a horizontal inlet, and (3) an enclused area of pro-
tection, with a solid roof, at the inlet. References 14 and 15 detail the
development work for the end treatment considered in those studies.

Reference 16 describes an inlet geometry that was developed to reduce the
effects of wind. (This reference also presents a set of test-section flow-
quality requirements by which the characteristics of any inlet treatment may
be evaluated.) Although the end treatment designs shown in references 1l4
through 16 could be revised or refined for additional wind protection, any
additional inlet treatment would increase the structural cost and could
increase the power requirement.

PERFORMANCE ESTIMATION

Although the performance analysis presented in this report was systema-
tized and automated for rapid calculation of numerous cases or iterations (by
the computer program described in the following sections), the equations pre-
sented are equally amenable to manual calculation methods.

General Approach

The equations were derived in forms that'use the most common and conveni-
ent defining parameters. The equations are listed and explained below and may
be used for component after component, 'each in turn.

The total pressure losses (proportional to power losses) of each compo-
nent are calculated and summed to give the total circuit loss and operating
power required. The computation technique is applicable to either closed- or
non-return circuit types made up of any combination of standard wind tunnel
components in any order. The flow conditions in the test section (velocity,
and ‘stagnation temperature and pressure) and the external atmospheric pressure
are variable as required.




Problem Restrictions

Three restrictions were found to be necessary in order to allow rapid
solution of most cases with a minimum amount of effort. First, the cross-
sectional geometries were limited to the most common shapes: circular, rec-
tangular, and flat-oval (semi-circular side walls with flat floor and ceiling).
Second, air exchangers were omitted from this analysis due to lack of uniform-
ity of configuration and a lack of definition as to the proper method of com-
puting the losses. Finally, the drive system was assumed to be located in one
or more parallel, annular ducts.

5)
i

Computation Formulas

The equations used in this performance analysis were synthesized from
various sources. Some were used in their original (source) form and others
were modified to make them more convenient for use in this analysis. The equa-
tions used are presented below.

Flow-state parameters- The basic flow-state parameters were determined
from input information about the reference control station and the test sec-
tion. These parameters were derived from standard relationships for
compressible flow.

Pr
Pr = if; (ref. 17, p. 8)
ap = VYRTp (ref. 17, p. 51)
T 0.76
a
ag = T (ref. 18, p. 4)
Y -1 |
/1+(52 ,2)
P
Py = ] (ref. 18, p. 4)
- 1. 2\|y-1
e ()]
x+1
v+ 1 2(y-1)

A, = MA

: (appendix A)
) Z
* °12 [1 (= L Mo2)]

Local conditions- The local flow conditions were determined for each end
of each section.




1. Mach number: The local Mach number was found from a Newton's-method
solution of the relationship

2(y-1)
+
M2 - %_:_% (ﬁi M) v+l 4w;—%—I =0 (appendix A)
*

2. Reynolds number: The Reynolds number based on the characteristic
length &, usually the local hydraulic diameter, was determined from

p V.2 /A _ 0.76
=29 (i)[l + (l——l MZ)] (appendix A)
U A 2

3. TFriction coefficient: A Newton's-method solution was used to deter-
mine the friction coefficient for smooth walls from the expression

[loglo(ARNz) -0.8]72-1x=0 (appendix A)

Section pressure losses- The loss in total pressure caused by each sec-
tion was calculated in a form non-dimensionalized by local dynamic pressure:
K = ApT/q. (In this study the smallest-area end of each section was used as
the local reference position.) The individual losses were based on the nature
of the section, local flow conditions, and input geometry and parameter infor-
mation. The most appropriate loss forms for typical wind tunnel sections are
catalogued on the following pages. The nonstandard formulas, those which are
not directly attributable to the literature, are developed in appendix A. The
precise equations, which were developed from various curve-fitting and inter-
polation techniques based on the plots presented in certain figures, are given
in appendix B.

1. Constant-area ducts: For closed, constant-area sections the pressure
loss due to friction is given by

K=— (ref. 7, p. 53)

2. Open-throat duct: The losses from an open-throat test section may be
found from the expression

2
K = 0.0845 - — 0.0053 [ (ref. 7, p. 150)
Dn Dy

3. Contractions: 1In contracting sections, where the major part of the
losses 1s due to friction, the local loss may be approximated as

K = 0.32 AL (ref. 6, p. 528)
Dh




4. Corners with no net area change ("constant area"): A duct can change
direction with or without the aid of flow guide vanes. For a constant-area
turn employing turning vanes for efficiency, with a "normal" number of vanes
(ref. 7, p. 241), and with chord-to-gap ratios between 2-to-1 and 4-to-1, the
losses resulting from friction and rotation caused by the vanes are

2.58
Kty logyo RNpgp
K = 3 [% + <——igg;;—§ﬁ— (appendix A)

The Reynolds number used for the turning vane loss should be based on vane
chord. The turning vane loss parameter K¢y 1is plotted as a function of turn-

ing angle in figure 3(a), with the assumption that Kry = 0.15 is a reasonable
value for a 90° corner. Corners without turning vanes are less efficient and

the loss function may be approximated by a sixth-order polynomial as shown in
figure 3(b):

K = 4.313761x1075 - 6.021515x10 % ¢+1.693778x10™ " $Z -2.755078x10 & ¢3

42.323170x10" 7 ¢% - 3.775568x107° ¢5+1.796817x10711 ¢b

(appendix B)

This function assumes a loss value of about K = 1.8 for a 90° turn. The
foregoing losses are those associated with the turning of the flow only. The
losses for a corner system (with or without vanes), with the walls of the duct
to be considered as well, requires an additional term for the frictional loss
of the constant-area duct based on the centerline length.

5. Corners (diffusing): Corners with diffusion may well employ longer
vanes in order to improve the efficiency of the diffusion process. For this
reason they were treated as vaned diffusers with the addition of the rota-
tional loss term of the turning vane function:

= J oy} AR = 1Y . 2
K = {0.3+[0.006(26 - 21.5°)u(28 - 21.5 )]}( R ) + 3 Ky
(appendix A)
where u(26 - 21.5°) is the unit step function and the turning vane loss

parameter is defined as for a constant-area corner. This loss function
includes the effects of friction.

6. Diffusers: Diffusion produces both expansion and friction losses in
the duct given by

_ A AR + 1 AR—]_)?:
K= [kEXP * (8 sin 6 AR - 1)]( AR (appendix A)




where the expansion parameter values, Kgxp, are plotted against equivalent cone
angle in figure 4 and the technique used for estimating the Kgxp values is
described in appendix A.

(It should be noted that there are more sophisticated techniques for
estimating diffuser performance than the one presented here. However, they
require boundary-layer calculations; for example, see reference 19. Experience
with both the simple technique described herein and more complex techniques
indicates that the two produce comparable results. Generally, little is gained
by the significant additional effort required to use the more complex
approaches.)

7. Exit: The total pressure loss at the exit of a non-return wind tunnel,
or of any expelled flow, is due to the loss of the kinetic energy of the exit-
ing flow. This is given by

.. 2'[1+(1—;—z- 1\42)]—”(_}T - 1'

M

(appendix A)

8. TFan (power) section: Fan drive sections are commonly made up of con-
tractions, constant—area annular ducts, and diffusers. Analysis should be
handled by dividing the fan section into these three component parts.

9. TFlow straighteners - honeycomb (thin walls): The loss through thin
flow-straightener or honeycomb systems may be expressed as

2 2
L A A
K= M3+ — + -1 ref. 7 . 478
( Dh) (AFLOW> (AFLOW > ( > P )

where the hydraulic diameter is that of the honeycomb cell. The friction
coefficient is determined from a Reynolds number based on the surface roughness

of the honeycomb:
0.4
0.375 RN_0'1<A>
Ph

0.4
O.214<§L)
h

10. Flow straighteners - airfoil members (thick walls): Flow through
adjacent airfoils will first contract and then diffuse. It was assumed that
the point of minimum distance between parallel members would be at 30 percent
of the straightener length back from the leading edge. The forward 30 percent
was treated as a contraction and the aft 70 percent as a vaned diffuser. Thus,

for RN < 275, A

and for RN > 275, A

|
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K = 0.096 5° + {0.3+[0.006(26 - 21.5°)u(20 - 21.5°)]}(—————AR )

(appendix A)




where the hydraulic diameter is that of each cell of the flow straightener,
the friction coefficient 1s determined from a Reynolds number based on that
hydraulic diameter, the area ratio and equivalent cone angle are based on the
exit and minimum flow areas, and u(29 - 21.5°) is the unit step function.

11. Internal flow obstruction - drag item: The loss due to the drag of
internal structure such as struts or models has the form

S
= C
D Arpow

K £ (appendix A)

12. Perforated plate: Perforated plate with sharp-edged orifices, used
as protection screen or as scteen around the inlet of a non-return tunnel,
produces losses given by

2
A A
K = [[/’ (1 - FXOW.)+ <1 - F20W>] Apiow} (ref. 7, p. 321)

13. Mesh screen: The losses produced by a mesh screen may be expressed

—

3

as
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K = KppyK 1 - + {—— -1 (ref. 7, p. 308)
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where the Reynolds number influence factor, Kgys> 1s plotted against Reynolds
number (based on mesh diameter) in figure 5, and the mesh constant, Kyvgsy» 1is
1.3 for average circular metal wire, 1.0 for new metal wire, and 2.1 for silk
thread.

14. Sudden expansion: For a sudden expansion with ducting downstream

(to allow reattachment of the flow and maximize the pressure recovery) the
loss is

_ (AR - 1\?
K = ( m ) (ref. 7, p. 128)

15. Vaned diffusers: The pressure loss of a vaned diffuser, one in
which splitter vanes are used to improve the performance of a short diffuser

by decreasing the effective equivalent cone angle of each chamber, may be
determined from

AR - 1 2
- - ° - o ar = o2
K = {0.3+[0.006¢26 - 21.5°)u(26 - 21.5 )]}( R )
(appendix A)
where u(26 - 21.5°) is the unit step function. (See fig. 6.)

16. Fixed, known loss: For a fixed loss item where the pressure loss
value is known, that value may be used directly by definition:



17. Multiple ducts: In a system of multiple ducts, where the local flow
passes through two or more separate, identical passages at the same time, the
losses have the same value as those for the same type of single duct. Some of
the pertinent parameters, such as hydraulic diameter and equivalent cone angle,
should be based on the geometry of one of the individual ducts. The loss for
the system of ducts may then be determined from the loss for a single duct:

K < APTgysTEM _ APTpycT
q q

18. Loss value transferred to reference location: Each local loss
parameter is calculated based on local conditions at the smallest-area end of
each section and may then be referenced to the test section conditions by the
formula

y -1

AoM 1+ ( 2 MO 2)

Xy = K o — (appendix A)
o [ 1+ ljf—-Ma

19. Overall and summary performance: The energy ratio of the wind
tunnel under consideration is given by

ER = 1

__ﬁ.___
E Koi

i=1

(ref. 4, p. 69)

The pressure difference across the wind tunnel walls, determining the minimum
requirad structural strength for each section, is given by

i
Prsc (% & o)
bpy, =

Pr - Y
i ATHM [1 N (1 - 1 Miz)]y_—l'

(appendix A)

The power required to be input into the flow in order to drive the flow
through the wind tunnel at a specified test section speed is expressed as

N
< Z KC>]°_>002ono3
_ M=1 .

PinpuT © 207 (appendix A)

The actual drive power required is dependent on the efficiency of the
fan/motor system:
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COMPUTER PROGRAM DESCRIPTION

The computer program was written in FPRTRAN IV language. It consists of
a main program which calls five subroutines and/or six library routines, as
required. Two of the subroutines are optional and may be abbreviated and
simulated in order to save execution time and/or memory storage space.

Method of Solution

The general technique used is outlined in the computer program functional
flow chart in figure 7. The program was developed in six functional units: a
main program and five specialized subroutines. The main program retains
general control over the computational flow and calls the subprograms as
required.

In the main portion (designated PERF@RM), at first entry into the program,
various section-shape geometry relationships and certain semi-empirical dif-
fuser, turning vane, and honeycomb loss functions are defined. The case title
card is read and checked for validity by specified code. The tunnel master
data control card is then read, checked for validity, and checked for content
of pertinent data by the data-checking subroutine. If any errors are found in
either of these two preliminary cards, error messages will be printed.
Although detected errors will not abort the computer run (unless a card of
improper format is encountered where not expected), the case under current
consideration will not be computed - only the checking of input errors will
then be performed on each section card. Prior to reading the section cards,
the units of measure (International System or U.S. Customary System) to be
used for the particular case are read. These units of measure are used as the
basis for the development of the appropriate flow parameters and test section
conditions.

The section cards are read and operated on one at a time. They are
checked for validity and input errors by the data-checking subroutine (called
DATACK) and the input information, if sufficiently complete, is then used in
the computation of the section upstream- and downstream—end geometries.
Adjustments to these geometry calculations are made for any multiple-ducted
sections. For diffusing sections where the exransion loss parameter was not
input by the user, that parameter is generated from predefined functions.
Branching of the computational flow then transfers control to the appropriate
block of instructions for the remainder of the calculations which are peculiar
to the particular section under consideration.

After all section cards have been read in and operated on, each in turn,
a case termination card is encountered. The termination card specifies the
optional summary operations to be performed. The encounter of this card
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signals the end of a case and triggers the final calculations. The codes
contained on this card determine the printing of velocity-optimizing and cir-
cuit summary information, the plottirng of the summary information, and the
return to the beginning for another case.

The data-checking subroutine evaluates the master and section input cards
for completeness of data (based on the vrequirements for the type of section).
Then, if any error was detected during computation of a case or if the
appropriate termination code was specified by the user, the complete set of
input data is tabulated. Messages about errors, omissions, or superfluous
information are included.

The subroutine SPEED computes the local Mach number based on local cross-
sectional area and determines the local flow velocity.

The subroutine FRICTN calculates the local Reynolds number, usually based
on the local duct hydraulic diameter, and the local friction coefficient for
smooth pipes.

The subroutine @UTPUT accepts the calculated section parameters along
with the section type codes describing the types of information to be output
and prints the section information according to the appropriate format.

The subroutine PLPTIT plots the summary information (cummulative total
pressure losses and/or wall pressure differential) versus circuit centerline
length if requested. The plot is scaled for centimeter or inch plot paper,
determined by whether International or U.S. Customary units are used for
computation.

The program is terminated after the last operations on a case for which a
no-return instruction on the termination card was given by the user.

Computing Equipment Required

Hardware and machine components- Although this program was written for
use on an IBM 360/67 with TSS Monitor, batch mode, an attempt was made to keep
it compatible with any system that uses FPRTRAN IV. No magnetic tapes were
used. In this version, input is made by cards and the data to be plotted are
stored on a disc file for plotting at a later time in an off-line mode. How-
ever, it is possible to use a typewriter-type terminal for conversational or
real-time computation, typing the data by card-image format, and plotting
immediately after the computation has been completed for a case.

The total core required for compilation on the IBM 360/67 was approxi-
mately 82 000 (decimal) bytes. If necessary this figure can be reduced by
eliminating two subroutines, DATACK and PL@TIT. The sizes of the main program
and of each subroutine were approximately as follows:
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PERF@RM 38 800 bytes

DATACK 25 700
SPEED 800
FRICTIN 900
PUTPUT 12 900
PLATIT 2 900

The program was executed on an IBM 360/67, writing plot data on a disc,
logical unit 10. Later the data file was accessed from a 14.8 character-per-
second binary-coded-decimal terminal and plotted on a Zeta plotter with
0.005-in. step increments. The plot page size was programmed not to exceed
25 by 38 cm (or 10 by 15 in.).

Software- This program was written for use on any computer with suffici-
ent core and with a standard FPRTRAN IV compiler.

The Zeta plotter routines, with minor exceptions, are compatible with the
Calcomp routines. The subroutines AXIS, FACT@R, LINE, PL@T, SCALE and SYMB@L
are alike in both Calcomp and Zeta plotting.

CALL AXIS - draws the axis line and annotates the divisions at every two
centimeters or each inch (depending on the units of measure specified).

CALL FACT@R - enables the user to produce normal size drawings with plotters
which have either 0.01- or 0.005-in. increment size. The variable FACT
must be set to 1.0 for 0.0l-in. increments and to 2.0 for 0.005-in.
increment plotters.

CALL LINE - plots centered squares connected by straight lines through the
coordinate pairs of data values.

CALL PLOT - is used to establish a new point of origin for the pen and paper
movements. Before plotting commences, the pen must be positioned where
desired along the X-axis. The program will position it along the
Y-axis. The plot-page size is defined by the values of YLEN and XLEN
which are equated to 25 and 38 cm or 10 and 15 in., as required.

CALL PLATF - is an alternate plotting initialization routine which is avail-
able in the Zeta but not Calcomp plot package. It is used in place of
PLPTS whenever deferred plotting is desired. The first argument in the
call statement indicates the speed of the terminal with which the plotter
is interfaced. The second argument is the logical-device number of the
plot file.

CALL SCALE - examines the data and determines the proper scaling for the given
dimensions of the plotter paper, 25 by 38 cm or 10 by 15 in.

CALL SM@DE - is available only in the Zeta plot package. It permits the user
to choose from extensive capabilities which affect several of the plotter
routines. 1In this program the options have been set equal to the usage
found in the Calcomp routines, and therefore, if Zeta plotter routines
are not available, the call to SM@ADE should be eliminated.
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CALL SYMBPL - prints the input case title at the top left of each plot page as
it appears in columns 2 through 80 of the title card. For reference pur-
poses, it also draws a small plus sign at the origin of the plot.

The library routines used are standard F@RTRAN routines:
ABS - Absolute value

ALPG10 - Common logarithm, base ten

ATAN - Arctangent (result in radians)

EXP - Exponential of the natural number e

IFIX - Convert from real number to integer

SIN - Trigonometric sine (argument in radians)

SQRT - Square root

Programming Techniques

It was intended that this program be usable on as many different computer
systems as possible. Therefore, in order to make them applicable to some
machines, certain statements were forced into particular forms which would be
less efficient on other systems (e.g., Hollerith instead of literals in format
statements).

COMMPN and DATA statements were used as much as possible to simplify the
definition of parameter values. In the main program, arithmetic statement
functions were used for three purposes: (1) for the definition of section
hydraulic diameter, area, and equivalent cone angle geometry functions; (2) for
the conversion function from local to reference-section pressure losses; and
(3) for the definition of the least-squares-polynomial-curve-fit functions.
The last group of functions includes: (1) the corner turning-loss parameters
as functions of turning angle (see fig. 3); (2) the diffuser expansion loss
parameters for the different cross—-section shapes as functions of equivalent
cone angle (see fig. 4); and (3) the mesh screen Reynolds number sensitivity
factor as a function of mesh-diameter-based Reynolds number (see fig. 5).

Certain functions not easily solvable in closed form were solved itera-
tively (some by Newton's method) to 0.01 percent accuracy. These functions
include test section Mach number, local section Mach number, and local section
friction coefficient.

Numeric codes were used for specifying such things as section type, sec-
tion end-shape types, and system of computational units; for decisions on
requirements for inputs to each section type; and for case-termination pro-
cedures and outputs desired. The various important input codes are listed in
tables 1 and 4. All sections of the multiple-ducted type were assigned high
code numbers for simplicity in selecting them for special handling. The
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various section types were grouped in code decades for reasonable association
of section code and component function. Where possible, the second digit of
the code (if that second digit is not zero) reflects the basic characteristic
of the section: constant area, contracting, or diffusing.

The information input fields on the master data and section cards were
arranged in three basic groups: (1) qualitative information (type and shape);
(2) quantitative geometry information (number of ducts, cross-sectional end
dimensions, and length); and (3) loss~related parameters. The case termination
card employs the same format as the section cards so that it may be encoun-
tered at random intervals without causing a program crash. For the tabulation
of the input data (for error-location and record-keeping purposes), object-
time formatting was used to compile the combination input and annotation data
set for a convenient output.

Much of the output of the program was set up on a demand (i.e., optional)
basis. A section-by-section performance analysis is automatically provided.
A brief summary of the variation of selected parameters through the circuit,
and plots of those parameters, may be selected if desired. An annotated list-
ing of the inputs may be requested or, if errors are detected, the listing is
internally forced in order to provide a simple means of error-detection and
correction and/or simplified record-keeping of case data.

Source Code

A source code listing of the performance estimation program is provided
in appendix C along with the associated notation definitions. The source code
includes the use of comment cards throughout the program for identification of
the operations carried out by each set of instructions.

Operating Instructions
The basic source program deck arrangement is shown in figure 8.

Input- Sample coding forms for the four types of input cards required are
presented in figure 9. The special symbols required in the first columns of
the title and master data cards are included.

1. Title card: For the title labeling card, with the exception of the
first column which must contain an asterisk (*), the entire card may be used
as desired. This title was programmed to appear at the top of each page of
the case to which the title refers, including the plots. Only one title card
per case may be used.

2. Master card: The tunnel master control data card provides sufficient
information for defining conditions in the test section (which is the refer-
ence section for all calculations) and conditions of the surrounding external
atmosphere. Table 2 details the inputs included on the master data card. The
first column must contain a minus sign in order to identify the card as a
valid master card. The remainder of the inputs should be positive, with
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columns 2 through 6 containing five fields of integers only (no decimal points).
Columns 7 through 10 were not used on this card and should be left blank.
Columns 11 through 50 should contain floating-point numbers. These columns
were divided into eight parameters of five columns each, including decimal
point.

3. Section cards: The indit¥idual section information cards were based
on the same format as the master card, except that the section cards require
no special identifying code. Table 3 details the inputs contained on the sec-
tion cards. The first six columns, containing four data fields, require inte-
ger inputs. The remaining 74 columns were divided into two real number fields
of two columns each (with the assumed default decimal points to the right of
the second columns), and 14 real number fields of five columns each (with the
assumed default decimal point between the third and fourth columns of each
field).

Although the input parameter requirements vary from section to section,
certain requirements are basic to all sections. These items include: (1) the
section type code, (2) the section end shape codes, and (3) the section dimen-
sions (end height(s) and width(s) and/or diameter(s) and usually length). A
detailed 1list of the additional, specialized requirements for each section is
presented in table 4.

Although not mandatory in order to obtain a correct total power estima-
tion, it is advisable to input the section data cards in the actual section
order so that the summary calculations and plots have relevance to the actual
circuit,

4., Termination card: The case termination card, which signals the end
of the section inputs for a particular case, is identified by the constraint
of blanks in card columns 3 and 4. The numbers contained on this card are
used strictly as task codes; table 5 shows the details of these codes. In the
event of a request for plotted information, the code determines the type(s) of
information to be presented. For all other tasks the codes dictate a simple
yes/no decision.

As many cases as desired may be input in a single job submission. The
same system of units need not be used in all cases. Any parameters may be
changed as desired from case-to-case since there are no forced carry-overs
(except the specific heat ratio, y, which is fixed at the time of program
compilation).

Output- Based on the foregoing input information the results may be
calculated and tabulated in five different types of information groups.

1. Section performance analysis: The section performance tabulation
fully describes the performance-related parameters of the wind tunnel circuit.
Atmospheric and test section flow reference conditions are stated at the top
of the first page. The various parameters are tabulated for each section in
the order of computation with the upstream end information on the first and
the downstream information on the second of the two lines for each section.
The section sequence number and type (a translation of the code) and the end
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shapes are given first. The geometry and local velocity information are
presented next, followed by the section length and calculated total pressure
loss values.

2, Overall performance: If no input errors are encountered during the
analysis of a case, overall performance values are presented at the end of the
section performance tabulation. This includes the total circuit length, the
total pressure losses and energy ratio for the circuit, and the total
operating power required.

3. Summary characteristics: If requested on the termination card and
barring any errors, a summary of the circuit characteristics is tabulated on a
separate page. This tabulation includes section sequence numbers, Mach num-
bers, cumulative pressure losses, and local wall pressures, all as functions
of distance through the circuit.

4. Plots: Under proper condition codes, the cumulative pressure losses
and/or the wall pressure differentials will be plotted as functions of dis-
tance through the circuit (centerline length). The straight lines that appear
on the plots connecting the points are for reference only and do not represent
the actual distribution in a component.

5. Input data tabulation: Finally, if an input error was encountered
during the analysis of the circuit, or if such information was requested by
the user, the input cards are tabulated with annotations regarding missing or

superfluous inputs. A careful look at this section should allow the user to
discover why a given set of input data did not produce the expected type of

results.
All of the foregoing types of output are shown for the test case.

Computer system restrictions- Certain restrictions and/or assumptions had
to be imposed on the computer system and its methods and abilities in order to
perform the performance analysis within reasonable time, effort, and money
constraints.

1. Hardware: This analysis was programmed for a moderate-sized system
with common components. No special hardware is required with the exception of
a plotter if the plotting option is used. The output printing device is
assumed to have available a minimum capacity of 120 characters per line, but
the number of lines per page may be set by means of the LINEMX parameter in
the main program. (Barring any special requirements, 45 lines for an 8.5-in.
page or 60 lines for an 1ll-in. page are recommended.)

2. Software: Certain software restrictions were imposed simply as a
starting point to the problem solution. The input card formats were fixed as
shown in figure 9. The specific heat ratio (y) and the number of lines per
output page were fixed for each compilation of the source deck, although
changes can be made by altering the values of G and/or LINEMX, respectively,
near the beginning of the main program.
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For reasons of possible memory limitations on smaller systems, the number
of wind tunnel components in each circuit case was limited to 30 sections.
This limit may be changed by assigning a new value to LMTSEC in the main pro-
gram and by re-dimensioning the following variables as denoted by "XX": in
the main program (PERF@RM), DELP(XX+2), SEKO(XX), SEL(XX), SMACH(XX),

SSUMEL (XX+2) and SSUMKO(XX+2); in the data-checking subroutine (DATACK),
ENDATA(XX,20) , NCHECK(XX,20) and NDATA(XX,4); and in the plotting subroutine
(PL@TIT), DELP(XX+2), SSUMEL(XX+2) and SSUMKO(XX+2). If memory limitations
are a severe problem and/or if computer-controlled plotting facilities are not
available to the user, the data-checking and/or plotting subroutines may be
"removed" by inserting dummy, one-card subroutines with the same arguments
which would have no effect on the calculations. This would decrease the util-
ity and power of the program, but would retain the basic performance estima-
tion capabilities without crippling them altogether.

The plotting routines were written according to the requirements for a
plotter with 0.005-in. increments.

Optional inputs- Certain of the parameter inputs are designated as
optional and have built-in assumed default values in the event that the user
knows no better values than the ones provided in the sources referenced herein.
These optional parameters are shown in tables 2 through 4.

On the master card (see table 2), the units of measure should be speci-
fied and an error message will be given if they are specified erroneously
(other than as type 1 or 2). However, the units code will default to 1 (the
International System) and case execution will continue. The test section and
atmospheric total pressures will default to one atmosphere if not specified.

On the section cards (see table 3), the number of items in the duct will
default to unity if not specified. The expansion loss parameter for diffusers
defaults to a value based on figure 4. (It is computed by determining the
shape of each end, the extent to which the diffuser is two-dimensional in
nature (i.e., changing cross-sectional size in height or width only), and the
equivalent cone angle, and then interpolating between the curves of figure 4.
See appendix A.) The mesh screen loss constant defaults to 1.3, the value for
an average-condition metal mesh screen (ref. 6, p. 527), and the reference
Reynolds number for turning vanes defaults to 0.5 million (ref. 6, p. 527).
The surface roughness for honeycombs defaults to the appropriate equivalent of
0.00001 m, the value for new, commercially smooth, non-steel pipe (ref. 7,

p. 62). The factor for the additional influence of a blockage on downstream
sections (Ae) defaults to zero.

Diagnostic messages- There are a limited number of error diagnostic
messages which were built in to handle many, but not all, of the potential
user errors. The causes and appropriate corrections of these errors should be
evident in each message.

1. Title card: 1If a card is in the position of a title card and does
not begin with an asterisk as required, the following message will appear:
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TITLE ('...(dinvalid title)...') IS INCORRECT OR IMPROPER AS IT EXISTS.
THE FIRST CARD COLUMN MUST CONTAIN AN ASTERISK (*) TO BE IDENTIFIED
AS A VALID TITLE CARD.

2. Master card: An invalid master card is denoted by:

MASTER CONTROL DATA ('...(card image)...') IS INCORRECT OR IMPROPER
AS IT EXISTS. THE FIRST TWO CARD COLUMNS MUST CONTAIN A NEGATIVE
NUMBER (-1 TO -9) TO BE IDENTIFIED AS A VALID MASTER CARD. THIS
CASE WILL BE SKIPPED.

A general omission from the master card of required information produces:

CRITICAL OMISSION(S) IN TUNNEL MASTER CONTROL DATA PREVENT EXECUTION
OF THIS CASE. ANY SUCCEEDING CASES WILL NOT BE AFFECTED.

Two master cards, back-to-back, for a given case are identified by:

MORE THAN ONE MASTER CONTROL CARD EXISTS FOR THIS CASE OR INPUT CARDS
ARE OUT OF ORDER. CHECK DECK SET-UP. THE LAST MASTER CARD ENCOUNTERED
WILL BE ASSUMED AS THE CORRECT MASTER CARD FOR THE SECTION CARDS WHICH
FOLLOW.

Encountering a master card where not expected (generally indicating missing
case termination and title cards) causes this message:

MASTER CONTROL CARD HAS BEEN ENCOUNTERED BEFORE CASE TERMINATION AND
TITLE CARDS. CHECK DECK SET-UP. ERROR-MESSAGE TITLE WILL BE GENER-
ATED AND SUMMARY OUTPUT, NO-PLOT, INPUT DATA TABULATION, AND NEXT-CASE
RETURN TERMINATION PARAMETERS WILL BE ASSUMED.

If an invalid test section upstream end shape geometry is specified, one which
the program cannot handle, an error results:

**ERROR -- INVALID TEST SECTION UPSTREAM END SHAPE CODE WAS SPECIFIED
AS (code used) (SHOULD BE 1, 2 OR 3). THIS CASE CANNOT BE EXECUTED.

If an invalid units code is specified the message is:

THE UNITS OF MEASURE CODE IS IMPROPERLY SPECIFIED AS (code used),
(SHOULD BE 1 OR 2). CHECK MASTER CARD (COLUMN 4). SEE THE DATA
TABULATION AT THE END OF THIS CASE. THE INTERNATIONAL SYSTEM OF
UNITS WILL BE ASSUMED FOR THIS CASE.

If the termination code requests power—matching but the input power value is
such that the calculation would be meaningless, a diagnostic of the following
form is printed:

**ALTHOUGH VELOCITY-OPTIMIZING WAS REQUESTED BY TERMINATION CODE, THE
INPUT POWER VALUE IS ILLEGAL (LESS THAN OR EQUAL TO ZERO). THEREFORE,
NO VELOCITY-OPTIMIZING IS POSSIBLE. RECHECK INPUT VALUE ON MASTER
DATA CARD.
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3. Section card: A general omission of required data from a section
card will cause this message:

**ERROR -- CRITICAL OMISSION(S) IN SECTION INPUT DATA. SEE DATA
TABULATION AT END OF OUTPUT FOR THIS CASE.**

If an invalid section shape code is specified it is not possible for the
program to properly compute section end geometries; as a result an error
occurs:

**ERROR -- INVALID SECTION SHAPE CODE WAS SPECIFIED AS (input code)
(SHOULD BE 1, 2 OR 3). THIS SECTION WILL BE SKIPPED.

An error which arises during computation and causes a non-positive total
pressure loss for a given section prevents completion of the case analysis and
gives rise to an error message:

**ERROR -- SOME INCORRECT COMBINATION OF INPUTS OR UNANTICIPATED
SITUATION HAS CAUSED AN INVALID (NON-POSITIVE) TOTAL LOSS LEVEL.
RECHECK SECTION (section number) INPUT DATA.

If the maximum allowable number of circuit sections written into the program
is exceeded by placing too many section cards together in one case, or without
termination, title, and master cards between cases, this diagnostic will
appear:

MAXIMUM LIMIT ON THE NUMBER OF SECTIONS (...(maximum allowable number
of section)...) HAS BEEN REACHED. EITHER A CASE TERMINATION CARD HAS
BEEN OMITTED (ALONG WITH TITLE AND MASTER CARDS TO BEGIN A NEW CASE)
OR THIS CASE IS TOO LONG FOR THE PROGRAMMED ALLOWABLE NUMBER OF
SECTIONS. THE CASE HAS BEEN TERMINATED AT THIS POINT.

In this instance, the inputs from the group of sections for which the limit
was exceeded will be tabulated and the remaining section inputs will be
evaluated and tabulated. If the user fails to cause the test section blockage
amounts specified on the master control card to coincide with that of the test
section card, erroneous analysis may result since inconsistent flow areas
would be calculated. The section card value will be used (since the discrep-
ancy may be desired) and this notice is given:

*%NOTE -- TEST SECTION BLOCKAGE FROM SECTION CARD INPUT (...(section
input value)...PERCENT) DOES NOT EQUAL THAT OF THE MASTER CARD INPUT
(...(master input value)...PERCENT). CHECK DATA DECK. SECTION CARD
VALUE WILL BE ASSUMED AS CORRECT AND EXECUTION WILL CONTINUE.

An invalid section type code will cause a section to be skipped and a message
to be printed:

*ERROR —- INPUT SECTION TYPE CODE (CARD COLUMNS 3 AND 4) CALLS
INVALID SECTION TYPE. DATA CARD IGNORED.**
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Any input errors were deemed justifiable cause for judgment as an incomplete
case. As a result, reliable overall and summary information cannot be calcu-
lated. To assist the user in locating the error(s), the input values will be
forced to be tabulated and the following explanation appears:

*%*DUE TO ERROR(S) IN INPUT CARD(S), VALID SUMMARY INFORMATION IS NOT
AVAILABLE. REFER TO THE TABULATION OF INPUT DATA ON THE FOLLOWING
PAGES. CORRECT THE ERROR(S) AND RESUBMIT THIS CASE. SUBSEQUENT CASES
WILL NOT BE AFFECTED.

4. Possible errors lacking diagnostics: Certain potential problem areas
remain unprotected by diagnostic and error-recovery systems.

No special provision was made for two test sections in the same circuit
case. As long as the blockage values for both test sections match the one
from the master card, no message will be printed. In any event, the execution
will not be terminated. The test section shapes and dimensions from the
master card are not checked against those of the test section card. Although
a mismatch of these values could cause a mass-flow error, including and
enforcing such a check could inhibit any meaningful tandem-test section cases.
These problems could be avoided, however, by naming only one working section
as a test section and referring to the other by general type.

Also, there was no provision for checking the specified tunnel type
against the types of sections actually used (e.g., checking a non-return, or
open-test-section tunnel for exit or open-throat test section input cards).
This check 1s not critical and was left to the user.

One error-check was not included due to the program complications which
would have resulted. If a case termination card is omitted at the end of a
case and a computer-system control card or a title card is encountered, the
error will be disastrous due to mismatched format types. Execution and
calculations will be immediately aborted by the computer.

Test Case

The NASA-Ames Research Center 40- by 80-Foot Wind Tunnel was used as an
example of a typical wind tunnel. This tunnel, illustrated in figure 10, is
of the single~return, closed-test-section, continuous-running type. It has a
flat-oval test section 12.2 m (40 ft) high by 24.4 m (80 ft) wide and is
powered by six 12.2-m (40 ft) diameter, six-bladed fans. It has an eight-to-
one overall contraction ratio and uses multiple-circular—-arc type turning
vanes in each of the four 90° corners.

A complete list of the test case inputs and computed information outputs
are presented in figure 11. The machine computing time for this test case
(without plots) was about 7 sec on an IBM 360/67.

Although this test case was not an exhaustive exercise of all possible
tunnel components, it does include most of the basic section types: diffusing
test section, single-duct contraction and diffuser, constant-area single duct,
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constant-area corner with turning vanes, and multiple-duct fan sections
(contraction, constant-area annulus, and diffuser). Examples of other types
of components are shown in the sample cases which follow.

DISCUSSION AND APPLICATIONS

Wind tunnel energy ratio, required power, and operating velocity are
interdependent. The energy ratio is affected by velocity through the effect
of velocity on the Reynolds number. The required drive power, influenced
directly by operating velocity and inversely by energy ratio, is also con-
trolled by the fan system efficiency which is often only an estimated quantity.
Any estimate of operating velocity for a given power level is, then, dependent
on the basic efficiency of the circuit (energy ratio) and drive system effi-
ciency, assuming the best power estimate available to be that delivered to the
fans. This interdependency means that an error in the prediction of energy
ratio (and/or in the estimation of fan efficiency) will cause corresponding
errors in power and velocity estimates.

These errors resulting from an erroneous prediction of the circuit energy
ratio can be found from the relationship governing required power, test sec-
tion velocity, and energy ratio, assuming given motor electrical and fan
efficiencies. For a fixed test section velocity,

APREQUIRED _ _ 1
PREQUIRED _ AER
Q 1-TR

1

and, for constant power, an error in energy ratio yilelds the performance
penalty

Y o1 (y - AER)1/3
Vo ER

The expected true power and velocity levels can thus be obtained from the
performance estimate:

N S S
PREQUIRED = . BER PREQUIREDggt 1pate

~ ER

for a given set of test section conditions, and from

o ER OEstimate

for a given level of required power.
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This adjustment of the estimated performance values is pointless for a
known, existing wind tunnel, but necessary for new, or proposed facilities.
Before the adjustment can be made the probable error in the energy ratio esti-
mate must be determined. It is desirable, therefore, to consider several
existing facilities of different circuit types in order to gain a degree of
confidence in the performance estimation routine.

Results

The input parameters and output performance values for the several sample
cases, other than the test case shown in figure 11, are compiled in appendix D.
The estimated energy ratios for the seven sample wind tunnels are presented in
table 6. The corresponding sketches for all these sample tunnel circuits are
shown in figures 10 and 12.

The actual energy ratios for the first three wind tunnels presented in
table 6 were estimated from the best available information on fan and electri~
cal efficiencies from known input power levels. The actual performance of the
other four facilities was taken from measured data.

The test case and first sample case was the circuit of the NASA-Ames
Research Center 40- by 80-Foot Wind Tunnel as described previously in the test
case discussion. The predicted energy ratio for this rather conventional
tunnel was only 1 percent higher than the actual value when new.

The performance of the NASA-Ames 7- by 10-Foot Tunnel was predicted at a
slightly optimistic level. However, this tunnel is one with several known
problems which complicate the prediction process. With the air exchanger oper-
ating, the primary diffuser is known to have some local flow separation,
having been designed at a 6° equivalent cone angle, an angle too great for its
cross—-sectional shape and length (see fig. 1). Also, the drive fan is stalled
from the centerbody out to about 45 percent of the fan radius, causing some
back-flow along the nacelle centerbody. (The impact of the stall on the fan
efficiency has only been estimated; it was assumed that the fan efficiency
would suffer by about an additional 10 percent.) 1In spite of these things,
the predicted energy ratio was only about 3 percent too high relative to the
original value of approximately 7.85, both values taken in the zero-air-
exchange configuration. This agreement may indicate that much of the above-
mentioned off-design performance is triggered by the air exchanger operation
and is not as significant with the air exchanger closed. Although insuffici-
ent data are available to resolve this question, the fact remains that the
prediction accuracy, for the stated conditions, was good.

The Lockheed-Georgia Low-Speed Wind Tunnel employs a tandem test section
design. For this analysis, the larger, V/STOL test section was used as the
only reference station. Because of the two area restrictions to cross sec-
tions smaller than that of the reference area (those of the smaller test sec-
tion and of the fan), the tunnel efficiency would be expected to be low.
(This in no way reflects on the tunnel's usefulness as a research tool or on
its design or capabilities. The "low efficiency" value results only from the
point of reference used in the calculations.) In other than these features
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the facility is basically of conventional design. The computerized
performance prediction was in error by less than 2 percent from the true value
of about 1.10.

The Indian Institute of Science 14- by 9-Foot Tunnel at Bangalore stands
out among non-return wind tunnels as a facility with an unusually high energy
ratio. Although the determination of circuit dimensions for the program input
was somewhat hampered by the limitations of small drawings, the estimated
energy ratio was within 1 percent of the true facllity value of 6.85. It is
interesting to note that the fan performance data of reference 23 would indi-~
cate a fan design efficiency of about 69 percent. The power requirement calcu-
lations based on energy ratio and test section maximum velocity, however, show
that the fan efficiency must be higher than was expected; in fact, greater
than 90 percent.

The Hawker Siddeley 15-Foot V/STOL Tunnel at Hatfield, England was con-
structed under economy constraints and is a compact, cost-effective facility.
The estimated performance was about 1.6 energy ratios higher (i.e., more
optimistic) than the actual value of 2.38. This is an error of about 67 per-
cent. The primary performance difference was probably caused by the fan sys-
tem. The losses of the ducting in this area are difficult to predict because
the area changes are not gradual and are even difficult to define.

The University of Washington 8~ by 12-Foot Double-Return Tunnel has a
surprisingly high measured energy ratio of 8.3. This would indicate a very
carefully designed circuit powered by carefully designed fans. The perform-
ance estimate produced by the computer program is lower than the actual energy
ratio by about 13 percent, showing that the achieved performance level is
higher than would normally be expected.

The NASA-Langley Research Center 30- by 60-Foot Open~Throat Tunnel is
unusual in configuration, having a double~return system with the twin fans
located less than two fan-diameters downstream of the test section. The loca-
tion of the data point for this tunnel on the diffuser design curves of fig-
ure 1 would not indicate that any diffuser-related problems should be expected
forward of the fans. The diffuser between the fans and the first corner, how-
ever, does have a rather large equivalent cone angle (more than 8°). If the
fans cause or contribute to diffuser flow problems (see the Cautionary Design
Guidelines for Diffusers) and if those problems lead to corner flow ineffici-
ency in a region critical to overall performance, then the circuit energy
ratio may be well below the normal estimated level. Although it 1s not clear
whether this is the case in the NASA-Langley 30- by 60-Foot Tunnel, the perform-
ance estimate was about 27 percent higher than the actual value of about 3.71.

Evaluation
To summarize what may be learned from the sample cases:

1. The Ames 40~ by 80-Foot and 7- by 10-Foot Tunnels and the Lockheed-
Georgia Low-Speed Tunnel, although at opposite ends of the energy ratio
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spectrum, are all basically standard, single return, closed-test-section
facilities; the computer program estimates of actual performance were good.

2. The Indian Institute of Science Bangalore tunnel, being of the non~
return variety, is a different and less common type of facility; the computer
program closely estimated its actual performance.

3. The University of Washington double-return tunnel is a third major
circuit type; the program produced a reasonably accurate prediction of its
performance.

4. The Hawker Siddeley V/STOL and Langley 30- by 60-Foot Tunnels are
examples of facilities which may have flow problems due to too-rapid area
changes and, as a result, lower than optimum performance levels for their
respective circuit types. For these tunnels, because of their flow quality
and not because of their circuit types, the program provided a poor estimate
of actual performance.

Based on these results one thing is immediately clear: the performance
of a wind tunnel of conventional, conservative design can be evaluated accu-
rately. On the other hand, the performance of a tunnel whose design generates
or contributes to flow problems (separation or grossly non-uniform) will be
overestimated by the loss equations and computer program.

Flow peculiarities and off~optimum designs, even though seemingly only
slight, can cause operational performance to fall significantly below the pre-
dicted levels. Such problems can be expensive whether considered in terms of
modifying the facility or in such terms as reduced testing capability and
increased power costs. Judicious, iterative use of the estimation techniques
presented in thils report, simplified by computerized automation, can lead to
the improvement of an existing facility through guidance of design changes or
to the optimization of a proposed new wind tunnel design.

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, California 94035, January 8, 1976
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APPENDIX A

NON-STANDARD FUNCTIONAL FORMS

Due to the nature of this analysis, certain of the local flow-state, sec-
tion loss, and summary parameter formulas were used in a form more convenient
than that usually found in the literature. The relationships which were
altered or derived are outlined on the following pages.

Local Flow-State Parameters
The calculation of several local parameters was based on the local Mach

number, determined from the relationship between the local area and the area
for choked flow:

A Y+1 S .0
= (}_:2:_1)2(\(*1) M[1+(L—E—l MZ)] 2(y-1) (ref. 18, p. 6)

Solving for the area for choked flow, knowing the test section area and Mach
number,

Y+1
2(y-1)

y+1
Ay = M_A .
°12 [1 + (—Y——z 1 MOZ)]

Mach number- Another form of the same area relationship,

Y+l
A\ _ 1| 2 1+(l—‘—l MZ) ! (ref. 17, p. 126)
A, w2 ly +1 2 D

can be rewritten to produce a polynomial equation in Mach number which may be
solved by Newton's method if the areas are known:

[(KA:)Z MZ] " =S [“ (5 MZ)]

2 Yy -1 2)
= +
y+1 y+1 M

+ 1fA v+1 2
M- | L 2= (2w + =
y -1 (A* ) y -1 0
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Reynolds number- The local Reynolds number was calculated based on other,
known, local conditions and from basic principles:

ry = V2
u
pVA = poAOV0 (conservation of mass)
T 0.76
W= g (TT> (ref. 18, p. 19)
T _ (x -1 2]'1
- - [14-( — L w2) (ref. 18, p. 4)
p~V.L A 0.76
RN = —>2 [1+(3———M2)]

Friction coefficient- The Reynolds number-friction coefficient function
used was

1
7= 2 1og10(RN/X) - 0.8 (ref. 6, p. 70)

A Newton's method solution was performed on a rewritten form of the equation:

[1og10(xRN2) -0.8]72-1x=0

Section Pressure Losses

The losses for some types of sections were derived in forms not found in
the literature. For others, a curve-fit of data points or a simplification of
analysis was performed.

Cormners (constant area)- The frictional and rotational losses through
turning vanes are additive: K = KgpicrioN + KROTATION: AlSOS

1 _ 2
KrrictioN = 3 Krv and Kporarron = 3 Krv (ref. 6, p. 527)

Assuming that the frictional loss value has a form similar to that for a flat
plate, then at 90°:

[ and

0.4558
KrricTIoN = 3 Krvg, = (1o 258 (ref. 6, p. 527)
og
10
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Thus, the constant B 1is dependent on the turning vane loss constant and the
reference Reynolds number at which that constant was determined:

1 2.58
3 KTVgo(IOglo RNREF)

0.455

Therefore,

2,58
K 1 log,o RNppF
FRICTION = 3 Krvg, ———"—10g10 RN

Since the rotational term is assumed independent of Reynolds number,
KROTATION = (2/3)KTV90‘ The additional complication of loss parameter varia-

tion with turning angle is presented in figure 3 for a loss parameter at 90°
equal to 0.15. It was assumed that the relationship between the actual and
reference loss constants is linear:

- £(3)
kv = Krvgo [0.15

where f(¢) is the functional relationship plotted in figure 3. The complete
turning vane loss function then becomes

2.58
1 (10810 RNREF)

2
= 4
K=K i3t|3 Tog,, RN

Corners (diffusing)- Diffusing corners were treated as vaned diffusers
with the addition of rotational losses dependent on the turning angle. The
expansion and frictional losses used were those for a vaned diffuser:

AR - 1\°

KVANED DIFFUSER = {0-3 + [0.006(26 - 21.5°)u(26 - 21.5°)]}(—A—R——)

The rotational loss is as for a constant-~area corner where

2 _2 £(¢)
KrotaTION = 3 Kpv = 3 Kpyg, [0.15

The diffusing corner loss function is then
AR - 1 2 2
= - ° -— ° —'-———'“— ~
K= {0.34-[0.006(26 21.5%)u(26 - 21.5 )]} ( ) + 3 Kpy

where u(26 - 21.5°) is the unit step function.
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Diffuserg- The diffuser losses are due to both friction and expansion.
The friction term may be derived theoretically from

S2 2
- T - __ApV<e

KFRICTION = — lFRICTION f 5 V.2D ds
o 1Y1 “h

Making the simplifying assumptions that the density and the friction coeffi-
cient are approximately constant and applying conservation of mass,

- 2
KrriCTION = A f
0

which, for a conical diffuser, becomes

X _16A12)  (%24s
FRICTION = ~ 5 D5
(o]

and transforming variables from surface to centerline distances,

16A; 22 J-L dx

K =
FRICTION ~ 2 cos 8 J, (D} + 2x tan 6)°

Completing this integration the friction loss becomes

Y S PR
KFRICTION = § sin 6 \" ~ ar?

The influence of the expansion term is given by

K = Rgxpanston + KFRICTION

Thus, it may be rewritten:

« - Kexeanston * Krrrcrion (1 ) 1)2

g e

A AR - 1
= +
K = {Kexp 8 sin © R - 1 ( )

\ -

) AR+ll(AR—1

K= 1%exe * |8 5in 6 \AR - 1




Rexp = KiﬁPANiIgN
&)

Keor = K - KyRICTION
EXP (AR - 1)2
AR

The expansion loss parameter curves shown in figure 4 were determined using
the approximation

Koy = X = KFRICTION(CONICAL)
EXP (AR - 1)2
AR

K _K_[8 sgne(l—Al::?-)]
EXP ~ AR - 1\2

AR

and figure 5(a) of reference 9, which shows complete diffuser losses plotted
as functions of equivalent cone angle and independent of area ratio for circu-
lar, square and rectangular, and two-dimensional diffusers. (This implies an
assumption that the expansion part of the losses is dependent only on cross-
sectional shape, the extent to which the diffusion takes place in only one
direction, and the equivalent cone angle.) Thus, the complete loss for
diffusers is given as

<= {ree+ [rdrs GREDI R

using Kgpxp from figure 4.

Exit- The kinetic energy loss at an exit of a non-return wind tunnel was
derived from basic compressibility relationships and with the assumptions that

the exit flow static pressure is equal to the atmospheric pressure and that
the exit velocity is uniform.

i i
P _ 1 (rewritten
_l;r_ = [1_ (12—1 M?-)] Y fromref. 17, p. 53)

Rewriting, the local total pressure is
1 1
= - (X—2L w2} Y-
Pr p[l ( 2 M)]

30




Also, since ApT =Pr - pTATM = pT - p, the total loss parameter is

e _ofe (52 )] - o

K= 1 2
2 YPM
since
q =-% pV2 =-% vpM2 (ref. 17, p. 55)
Simplifying, the exit loss becomes
.
- y-1
K=—2— [l+(L—1M2)] -1
YM2 2

Flow straighteners: airfoil members (thick)- Thick flow straightener

losses were assumed to be made up of two parts: contraction and subsequent
diffusion:

K = RKeontrACTION T KDIFFUSION

The contraction was estimated as being about 30 percent of the length of the
straighteners:

_ 0.32)(0.30L)
KCONTRACTION = Dy,
_ 0.096\L
KconTRACTION = ~ b

The diffusion portion was based on the aft 70 percent of the length and on the
exit and minimum areas for the computation of the area ratio and equivalent
cone angle. As for a vaned diffuser,

- 132
Kprrrusion = §0-3+ [0.006(26 - 21.5%)u(26 - 21.5°) ]} (A2 =)
Hence the loss for thick flow straighteners becomes

A °y b (AR =LY’
K = 0.096 5= + {0.3+[0.006(26 - 21.5)u(26 - 21.5 L)
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Internal flow obstruction: drag item- The loss due to internal structure
may be derived from the relationships governing power losses:

K°DRAG° 02A0V0 3

2pF

PINPUTppaG =

and Pppag = DVe = (1/2)pV3SCDe, where ¢ 1s the factor accounting for addi-
tional effects on downstream sections. Since PINPUTDRAG = Pprags the loss
becomes

pwV
Ky = L S ce 2K
qo AO po o]
and therefore
p
R=cpSelE VA
A P poVvo
cc. S PF
K CDAEp

Since in general the flow density at the fans is unknown at the time a given
section loss is calculated, and since for incompressible flow the density
ratio is unity, the ratio of the densities at the fan and the local station
was assumed as unity for the analysis. (If the user prefers not to make such
an assumption, an approximation of the ratio may be made by way of a change in
the downstream influence factor e€.) The loss due to a flow obstruction is

Vaned diffusers- The expansion and friction losses for vaned diffusers
were combined into one parameter which is reasonably independent of area ratio
and is presented in figure 6. The loss curves shown were approximated by a
two-segment, straight-line curve fit so that, for vaned diffusers

k= x, (B22)

and

K = {0.3+ [0.006(26 - 21.5°)u(26 - 21°5°)]}(ARA;< 1)2

where u(28 - 21.5°) is the unit step function.

Loss value transferred to reference location- The change of reference for
loss values is defined as
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Using the law of conservation of mass, this may be rewritten in terms of areas
and Mach numbers:

pVA poV A

_(L=592_A°V

o 0oVl Ao
q RN 1+ ()
W T

and

e [T
© A M 1+(-Y—;—lM2)

Wall pressure differential- The pressure across a section of wall was
determined from the exterior atmospheric pressure, internal static pressure,
and cumulative pressure losses through the circuit. Since the wall pressure
differential for a given section is pri = PTprm ~ Pi and

pTi

5w

and, using the test section as the reference location,

= - K

The wall pressure differential may be written as

A = -
Puy = PTpmy X
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Input power required- The power input to the flow required for operation
of a wind tunnel circuit having predetermined losses was calculated from the
pressure rise required at the fans, with the simplifying assumption that the
static and total pressure rises across the fan are equal.

PINPUT = APpARVE
prvoVo

Piveur = APrAFVF S5 3V,

Considering conservation of mass,

Po
PinpuT = APTRAGYo or

Also,
N
tPrp = AP = 9, 12;1 o1

Thus,

N

1 Po

PINPUT = (12 Koi) 2 PoBoVo’ Py
=1
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APPENDIX B
NUMERICAL FUNCTION-APPROXIMATIONS

The formulas that follow resulted from curve-fitting and/or interpolation
techniques applied to certain functions arising from the loss analysis.
Corners
The corner loss parameters for corners with and without turning vanes are
shown in figure 3. For a corner with vanes, using least-squares polynomial
curve-fitting techniques, the turning vane loss function of figure 3(a)
becomes, for 0° < @ < 30°:
Ky = 1.395066x1072 + 5.672649x10™" ¢
+7.081591x1075 @2 + 1.394685x1076 ¢3
-4.885101x10™8 g* (B1)
and for 30° < @ < 90°:
Kpy = -1.605670x10 1 + 1.446753x1072 §
-2.570748x107"% $2 + 2.066207x10"6 @3
-6.335764x1072 ¢* (B2)

For a corner without turning vanes the local loss function of figure 3(b) was
found using a least-squares polynomial technique and is given by

K = 4.313761x1075 - 6.021515x107% ¢
+1.693778x10"% @2 - 2.755078x1076 @3
+2.323170x1077 @* - 3.775568x107% @5
+1.796817x107 11 ¢ (B3)

For all the above equations,  is the flow turning angle in degrees.

Diffusers
The determination of the diffuser loss parameter is a complex operation.

It depends on the cross-sectional shape and equivalent cone angle of the sec-
tion. For a conical diffuser the expansion functions are, for 3° < 26 < 10°:
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3 = -1 - —2
KEXPcireylay ~ Lv7092°%10 5.84932x1072 (20)

+8.14936x1073 (20)2 + 1.34777x107% (26)3

-5.67258x1075 (20)% - 4.15879x10"7 (28)°3

+2.10219x10~7 (26)°© (B4)
for 0° < 26 < 3°:
= -1 - -2 .
KEXP oy poygap = 1033395%10 1.19465x1072 (26) : (B5)
and for 26 > 10°:
= - —2 -2
KEXPCircular 9.66135x10 + 2.336135%10 (29) (B6)

For a square cross-section diffuser the expressions are, for 3° < 26 < 10°:
= -1 _ -2
KEXPSquare 1.22156x%x10 2.29480x10 (28)
+5.50704x1073 (26)2 - 4.08644x107% (26)3

-3.84056x105 (20)% + 8.74969x10° & (26)°

-3.65217x10"7 (26)8 (87)
for 0° < 20 < 3°:
- -2 _ -3
KEXquuare 9.62274x10 2.07582x10"3 (260) (B8)
and for 20 > 10°:
= -1.321685x10"! + 2.93315x1072 (26) (B9)

KEXPSquare

For a two-dimensional diffuser with a square upstream-end cross section the
expansion loss functions are, for 3° <26 < 9°:

Kex = 3.23334x1071 - 5.82939x1072 (28)

Pop

Rectangular
-4.97151x10-2 (26)2 + 1.99093x10"2 (26)3
-1.98630x10-3 (20)* + 2.06857x107° (28)°
+3.81387x1076 (26)6 (B10)

for 9° <26 < 10°:

= 5,72853 - 1.21832 (28)

KExp
2DRectangular
+7.08483x1072 (26)2 7 (B11)
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KExP 1.0x1071 - 5.333333x1073 (26) (812)

2DRectangular
and for 26 > 10°:

K -1.36146 + 1.986460x10~! (28 B13
EXPZDRectangular (28) ( )

Since the expansion function for a two-dimensional diffuser with circular
sides was not given (and is not defined), it was assumed for computational
purposes that this value would be the same fraction of that for a two-
dimensional rectangular diffuser as the loss of a conical is of that for a
three-dimensional square diffuser:

K
KExp = Kpyp EXPCircular
2Dcircular 2DRectangular KEXPSquare

For cross-section shapes somewhere between rectangular and circular, such as
flat oval (flat ceiling and floor with semi-circular sidewalls), or for dif-
fusers which have one end rectangular and one end either circular or flat oval,
a loss value between that for circular and rectangular may be more appropriate;
thus,

K + K
EXP EXP

K 2DRectangular 2Dgircular
EXP2DAverage 2

and

KEXPSquare + KEXPCircular
2

K
EXP
3DAverage

The extent to which a diffuser is planar in nature was computed from the
ratio of the changes in size of the two characteristic dimensions from end to
end:

hy, - hy Wy = Wy
68 = smaller of . or By = )

or if the ratio is negative,

§5 =0

Then, based on the geometries of each end, the basic loss constant, KEXPBasic’

may be selected from KEXPojircular® KEXP3DAverage or KEXPSquare and the addi-

tional loss fact. . KEXPAdditional’ may be selected from the corresponding

37



Kgxp Kgxp or Kgxp . Finally, the applicable
ZDCircular’ 2DAverage 2DRectangular ’

diffuser expansion loss coefficient is given by
Kexp = KEXPBasic G GS)(KEXPAdditional N KEXPBasic) (B14)

Mesh Screen

The mesh screen Reynolds number sensitivity factor plotted in figure 5
can be expressed in functional form as, for 0 < RN < 400:

RN
Ky = 78.5(2 - 35“) +1.01 (B15)
RN 100 :

and for RN > 400:

Vaned Diffusers

The vaned diffuser loss coefficient functions plotted in figure 6 were
approximated by two line segments; for 26 < 21.5°:

Ky = 0.3
and for 21.5° < 26 < 90°:
Ky = 0.3+ [0.006(26 - 21.5%)]
Thus, over the entire range of equivalent cone angles of interest,
Ky = 0.3+ [0.006(26 - 21.5%)u(26 - 21.5°)] (B16)

where u(26 - 21.5°) is the unit step function.
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APPENDIX C
COMPUTER PROGRAM F@RTRAN CODES

The following pages contain the FPRTRAN codes developed to implement the
wind tunnel performance analysis techniques presented in this report.

The Notation section explains the variable names used in the program.
(Note that in the notation sections, as throughout this report, all letter 0's
occurring in FPRTRAN names are shown with slashes, as §; all number zeros are
shown unslashed.) This notation section is similar to that for engineering
symbols presented in the main body of the report, but this section was changed
in two respects. First, it was rearranged alphabetically by F@RTRAN variable
name. Second, it was expanded to include many variable names which were not
used elsewhere and which have significance only in the context of the computer
program. The "titles" shown in parentheses in the first column of this nota-
tion section are column heading titles which appear on the program output
pages.

Immediately following the Notation are the listings of the six actual
FPRTRAN program codes: the main program (PERF@PRM) and the five subroutines
(DATACK, SPEED, FRICTIN, @UTPUT, AND PL@TIT). Each program routine page is
titled and numbered for clarity. The last seven columns of each line on each
page contain a two-letter program routine name abbreviation and a line
sequence number (in ten-count increments). Thus, the user can know at a
glance to which routine (and where within that routine) any given line or
instruction belongs. Each instruction line in the program is uniquely
identified.
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NOTATION (F@RTRAN)

FARTRAN name Engineering

and/or (title) symbol Description

A A cross—-sectional area of local section,
m? (ft2)

All cross~sectional area of individual duct
at upstream end, m? (ft2)

AI2 cross-sectional area of individual duct
at downstream end, m? (ft?)

AL Ar1.0W cross-sectional area of local flow, m?
(£t2)

AMACH M local Mach number

AMACH1 Mach number at section upstream end

(MACH1)

AMACH2 Mach number at section downstream end

(MACH2)

AR AR ratio of cross-sectional areas at

(AR, CR) upstream and downstream ends of section

ASL speed of sound in moving flow at local
section, m/sec (ft/sec)

ASTAR A, cross—sectional area for sonic flow at
specified flow conditions, m? (ft2)

ASO a, speed of sound in moving flow at upstream
end of test section, m/sec (ft/sec)

AT ar speed of sound in still gas, computed at
total (stagnation) conditions, m/sec
(ft/sec)

AVGPWR average power consumed by each drive fan
at specified conditions: PWR@P/ENFAN,
W (hp)

AO A, cross~sectional flow area of test section
at upstream end, m? (ft2)

Al Ay cross-sectional flow area of section at

(AREAL) upstream end, m? (ft2)

40




FPRTRAN name Engineering

and/or (title) symbol Description

AlPA0 ratio of local section upstream area to

(A1/A0) test section area, m? (ft2)

A2 A, crogs-sectional flow area of section at

(AREA2) downstream end, m? (ft2)

A2¢A0 ratio of local section downstream area to

(A2/A0) test section area, m? (ft2)

BLKAGE blockage to flow in local section (at
upstream end for all applicable sec-
tions except fan contraction, for which
it is at downstream end), fraction of
local area

(BLKGE) blockage to flow in local section (at
upstream end for all applicable sec-
tions except fan contraction, for which
it is at downstream end), percent of
local area

Ch Cp drag coefficient of flow obstruction,
drag

qS

CH@RD ¢y chord of turning vanes, m (ft)

D D diameter of circular duct, m (ft)

DATA data array of master, section, and
termination card floating-point inputs

DELP Apy. local pressure difference across wind

1 tunnel wall, N/m? (1b/ft2)

(D EPS) Ae increment of flow-obstruction downstream
influence factor greater than unity:

g - 1, (greater than or equal to zero)

DFAN drive fan diameter, m (ft)

DH Dh hydraulic diameter:

4 x (cross—-sectional area)
- , m (ft)
perimeter

DHL hydraulic diameter of single cell in flow

straightener, m (ft)
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FPRTRAN name Engineering
and/or (title) symbol Description
DHUB diameter of drive fan hub and/or spinner,
m (ft)
DHO hydraulic diameter of test section, m
(ft)
DH1 hydraulic diameter of upstream end of
local section, m (ft)
DH2 hydraulic diameter of downstream end of
local section, m (ft)
DMESH diameter of mesh element in woven-mesh
screen, m (ft)
D1 diameter of upstream end of circular
section, m (ft)
D2 diameter of downstream end of circular
section, m (ft)
EK K local total pressure loss of section:
(DP/QL) Ap,
q
EKADD Kgxp . additional diffuser expansion loss factor
Additional due to more diffusion in one plane than
in another (i.e., partially two-
dimensional diffusion)
EKBASE KEXPB o basic diffuser expansion loss factor for
asic purely three-dimensional diffusion
EKC KEXP . expansion loss value for conical
Circular diffusers
EKCNTR KCONTRACTION local total pressure loss from contract-
ing portion of thick-airfoil flow
straighteners
EKCSAV KEXP3D estimated expansion loss coefficient for
Average three-dimensional, combination circular
and square cross-section diffuser
EKD KpIFFUSION local total pressure loss from diffusing
portion of multi-loss-type sections
EKEXP net expansion loss coefficient for
(KEXP) diffusers
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FARTRAN name

na Engineering
and/or (title) symbols Description
EKMESH KMESH mesh screen-type loss constant
(KMESH)
EKS KEXPS uare expansion loss value for three-
qua dimensional expansion in square cross-
section diffusers
EKSTRT local total pressure loss coefficient due
to strut drag in fan section
EKTE local total pressure loss parameter for
corners without turning vanes
EKTE90 vaneless—corner loss parameter for given
(KT 90) corner at a 90° turn
EKTV Koy turning vane loss coefficient
EKTV90 TV turning vane loss parameter for given
(KT 90) 30 vanes at a 90° turn
EKV Ky local total pressure loss coefficient for
vaned diffusers
EKO Ko section total pressure loss Xeferred to
P
(DP/Q0) test section conditions: 7;1
o
EK1 local total pressure loss coefficient due
to diffusion and vanes in a diffusing
corner
EK2 local total pressure loss coefficient due
to rotational flow in a diffusiing
corner
EK2DC Kg 2D estimated expansion loss coefficient for
Circular hypothetical, two-dimensional diffusion
with circular sides:
K
( EX'PCircular>
XP
2DRectangular KEXPSquare
EK2DCS KEXP,p estimated expansion loss coefficient for
Average two-dimensional diffuser with cross-

section shape of some square/circular
hybrid
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FORTRAN name Engineering

and/or (title) symbol Description

EK2DR KEXPZD expansion loss coefficient for two-

Rectangular dimensional rectangular cross-section
diffusers

EL L centerline length of section, m (ft)

(L

ELC length of contracting portion of thick-
airfoil flow straighteners, m (ft)

ELD length of diffusing portion of thick-
airfoil flow straighteners, m (ft)

EL@DH length-to-hydraulic-diameter ratio of

(L/DH) flow straightener cell

EMDATA data array containing master-card
floating-point inputs

EMF Mach number at the fan section

EMU u flow viscosity, N sec/m? (1b sec/ft?)

EMUSTD Ugtd standard-day value of viscosity,

N sec/m?2 (1b sec/ft?)

EMUT U reference viscosity at a known tempera-
ture, computed for a still gas (stagna-
tion conditions), N sec/m? (1b sec/ft2)

EMWRIT master card output array containing data
and/or annotation(s)

EMO M, Mach number at upstream end of test
section

ENDATA data array containing section-card
floating-point input

ENDUCT number of ducts in multiple-duct sections

ENFAN number of fans in fan drive section

ENITEM number of drag or blockage items imn each
local duct

ENU v kinematic viscosity of gas, m?/sec
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FORTRAN name Engineering

and/or (title) system Description

ENWRIT section~card output array containing data
and/or annotation(s)

EPS € flow-obstruction downstream influence
factor (greater than or equal to unity)

ER ER energy ratio: ratio of energy of flow at
test section to the output energy of
the fans

ETAFAN g fan aerodynamic efficiency, percent

(ETA)

ETWRIT case termination-card output array con-
taining termination request de-codings

FAC function defining the area of sections
with circular cross sections

FACT scaling factor for plot size

FAFQ function defining the area of sections
with flat-oval cross sections (flat
floor and ceiling, semi-circular walls)

FAR function defining the area of sections
with rectangular cross sections

FDHC function defining the hydraulic diameter
of sections with circular cross
sections

FDHF® function defining the hydraulic diameter
of sections with flat-oval cross
sections

FDHR function defining the hydraulic diameter
of sections with rectangular cross
sections

FEKC function defining the diffuser expansion
loss for three-dimensional, circular
cross-section diffusers

FEKCH function defining the diffuser expansion
loss for three-dimensional, circular
cross-section diffusers at high diffu-
sion angles (TH2 > 10°)
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FGRTRAN name Engineering
and/or (title) system Description

FEKCS function defining the diffuser expansion
loss for three-dimensional, circular
cross—-section diffusers at small diffu-
sion angles (TH2 < 3°)

FEKS function defining the diffuser expansion
loss for three-dimensional, square
cross—section diffusers

FEKSH function defining the diffuser expansion
loss for three-dimensional, cross-
section diffusers at high diffusion
angles (TH2 > 10°)

FEKSS function defining the diffuser expansion
loss for three-dimensional, square
cross-section diffusers at small diffu-
sion angles (TH2 < 3°)

FEKO function defining the change-of-reference
station for total pressure losses from
local section to test section

FEK2DL function defining '"two-dimensional"
(rectangular) diffuser expansion loss
for low diffuser angle range (TH2 < 9°)

FEK2DU function defining "two-dimensional"
(rectangular) diffuser expansion loss
for high diffuser angle range (TH2>9°)

FKTE function defining corner turning loss
parameter EKTE for corners without
turning vanes (based on a value of
EKTE = 1.80 at PHI = 90°)

FKTV1 f(¢) function defining turning vane loss param-
' eter EKTV (based on a value of
EKTV = 0.15 at PHI = 90°) for lower
turning angle range (PHI < 30°)

FKTV2 f(9) function defining turning vane loss
parameter EKTV (based on a value of
EKTV = 0.15 at PHI = 90°) for upper
turning angle range (30° < PHI < 90°)

FTH function converting diffuser equivalent
cone angle, TH2, in degrees to half-
angle, TH, in radians
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FPRTRAN name Engineering
and/or (title) symbol Description

FTH2 function defining diffuser equivalent
cone angle, TH2

G Y specific heat ratio of gas

H1 hy height at the upstream end of a non-
circular section

H2 h» height at the downstream end of a non-
circular section

IFLAG parameter indicating the sequence number
assigned to the fan section

IPLOAT decision parameter for selecting which
(if any) plots are to be plotted

IPRINT decision parameter for requesting or
omitting output of summary character-
istics page

ISEC section type-description code
ISEQ input section sequence number
ISHAP1 section upstream-end cross-sectional

shape code

ISHAP?2 section downstream-end cross-sectional
shape code

ITITLA assumed case-title array in the event the
title card is omitted

ITITLE input case~title array
ITUNNL wind tunnel circuit-type code
ITYPE code for type of output format required

for printing section information

1U units-of-measure type code
LINEMX maximum number of output lines per page
LMTSEC limit for maximum number of sections in

any given case
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FORTRAN name Engineering

and/or (title) system Description

MCHECK master-card input-requirement checking
code array

MDATA master-card integer input data array

MF@RMT master-card output format array

MWRITE master-card output array containing data
and/or annotation(s)

N N section assigned sequence number for
order of occurrence in circuit

NCHECK section-card input-requirement checking
code array

NDATA section-card integer input data array

NF@RMT section-card output format array

NN section type number for printing proper
section title

NWRITE section-card output array containing data
and/or annotation(s)

P input tunnel total (stagnation) pressure,
standard atmospheres

PA input atmospheric (barometric) pressure,
standard atmospheres

PATM pTATM atmospheric (barometric) pressure,

(P ATM) N/m? (1b/ft?)

PHI $ corner flow turning angle, deg

PI T ratio of the area of a circle to the
square of its radius

PRSTY porosity of certain non-solid flow
obstructions: AL/A

PT Pp tunnel total (stagnation) pressure, N/m?
(1b/£t2)

PWRI decision parameter for requesting or
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FPRTRAN name Engineering

and/or (title) system Description

PWRIP power required to be input to flow in
order to drive wind tunnel at specified
speed, W (hp)

PWRMCH total power value for which the maximum
test section velocity is to be deter-
mined (if requested), W (hp)

PWR@P PREQUIRED total fan motor output power required to
drive wind tunnel at specified speed,
W (hp)

Qo q, test section upstream-end dynamic

2
PV
pressure: °2° , N/m? (1b/ft2)
R R gas constant, m?/sec? °K (ft?/sec? °R)
RH@S o) local static density, N sec?/m*
(1b sec?/ft*)

RHPSF Py static densitx at the fans, N sec?/m"
(1b sec?/ft")

RHPSO Py static density at uBstream end of test
section, N sec?/m* (1b sec?/ft")

RH@T P density computed for total (stagnation)
conditions, N sec?/m* (1b sec?/ft“)

RN RN Reynolds number: E¥&

RNREF RNREF reference Reynolds number at which turn-
ing vane 90°-loss constant, EKTV90, was
determined

RNV Reynolds number for turning vanes based

pVey
on vane chord: m

RUFNES A surface roughness in honeycomb cells,
m (ft)

(RUFNES) surface roughness in honeycomb cells,
1076 m (10-% ft)

SEKO section total pressure loss array (refer-

enced to test section conditions) used
in summary calculations
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F@RTRAN name Engineering
and/or (title) symbol Description
SEL section centerline length array used in
summary calculations, m (ft)
SERR@R section input error occurrence code
SLAMDA friction coefficient for smooth pipes
SLMDAE calculated friction coefficient in test
section at the requested power-matching
condition
SLMDA1l friction coefficient at section upstream
end
SLMDA2 friction coefficient at section down-
stream end
SLR GS diffuser side length ratio: ratio of
change in height to change in width
from upstream to downstream end, or its
inverse, whichever is less than or
equal to unity
SMACH section downstream—end Mach number array
used in summary calculations
SPA ratio of flow-obstruction drag area to
(S/AL) local flow area
SSUMEL summation array of total centerline
length from start of circuit to end of
local section
SSUMKO summation array of total pressure losses
from start of circuit to end of local
section
SUMEKO N summation of all section total pressure
2: K°1 losses referenced to test section
i=1 conditions
SUMEL N summation of all section centerline
2: Ly lengths (total circuit flow length),
i=1 m (ft)
T tunnel total (stagnation) temperature,
[+] o
c (°F)
TH 0 diffuser half-angle, rad
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FPRTRAN name Engineering

and/or (title) symbol Description

TH2 26 diffuser equivalent cone angle, deg

(2 THETA)

TLIST case-fatal error occurrence code

TLISTI decision parameter for requesting or
omitting tabulation of input data

TRETRN decision parameter for requesting return
for additional case or final
termination

TSBLKG test section blockage used for computa-
tion of basic test section conditions,
percent of test section cross-sectional
area

TT Ty tunnel total (stagnation) temperature,
[+ (-]
K (°R)

A \'f local flow velocity, m/sec (ft/sec)

voC calculated test section velocity at
adjusted power level, m/sec (ft/sec)

VOK test section flow velocity at input
conditions, knots

V1 section upstream-end flow velocity, m/sec
(ft/sec)

V2 section downstream—-end flow velocity,
m/sec (ft/sec)

Wl w1 width of upstream end of non-circular
section, m (ft)

w2 wo width of downstream end of non-circular

section, m (ft)

51



PgRFORM ‘ PAGE ¢

¢ MAIN PROGR,\M PERFORM (BEE NASA TN De8243) PM 10
CRARRMARAIARR RN AN AN N AR R AN AANE AR R R A RARAAN AR AN RRRARARANNRNANRRR SRR RNk PM 20
Ctttt.t**atttt!ttntttﬁtattnattt‘t*ttttttiutﬂtilﬁtﬂtﬁtﬁttﬁtﬂﬁttttt*ttttii M 30
H18 PROGRAM ubalt PERFORM,NCE EFFICIENCY LEVEL (ENFRGY PM___ 40
C RaTIO), PONER REGUIREMENTS, AND VELOCITY CAPABILITIES OF WINpD TUNNEL, PM 80
C CIRCUTS OF A VaRyaABLE NUMBER OF gNDIVIDUAL COMPONENT SECTIONS AND PM 60
C WITH aNY OF 36 DIFFERENT TYPES OF cOMPONENTS POR SELEcTED INPUTS OF PM 70
C SECTYION GEOMETRIES AND TESY SErTION FLOW CONDITIONS, PM B0
c vHIa MAIN PROGaaM CALLs THE IOLLOwING PERFORMANCERELATED, VERY Pe 90
[ 1 ]
[ run1nsa !XPLANATION OF THE ott.le PURPOSES, APPROACH, AND Pv 110
e R!STRICTIONS QF THIS PROGRAM ARE PRESENT
€ MANUAL, IN THE Na8a TECHNICAL NOTE 1IN Dvazalo !NTlTL!D VAERODYNAMIC 130
¢ DEBIGN GUIDE )

e U!ND TUNNEL ER'ORH‘NCE ! BY WILLIAM T. ECK!RT KENN!TH “. MORT, AND PM 1%0

ct'tttﬂtittiatttuttiﬁtt*tlt*tttﬂatatttnitttit!tiﬁtttl'****".*'*"'**'** PM 70

c.na*Qttii*tttﬁtatttttaﬁﬁtﬂ*ititttiﬁt.tttattiltw*ﬁﬂtﬁtttttt!tt**tttlttﬁt pPM 180
COMMON/BLOCKA/1SEQ, ISH;PaiIGHAPl, PM 190

QQMMON/BLAchgoaxag;gE,; Lg(gg,,;ng;,xPLQIE:gnxuz,:g;c,zxyuun, PM_ 200
! IUoLINECV-L[NEMxoPW ¢3ERROR, TL 18T, T, 18T, TRETRN pM 210
COMMON/BLOCKE/ ASTAR -Ai.ﬁ PM__ 220

COMMON/BLOCKD/ RNOG PM 230
COMMON/BLQCW AMACHY  AMACHR AR, AL,AI0AQ,A2,A2040,08,02,EK,EKO0,EL, PM R40

Wi, M2, TH2, V1, V2, w2 Pu 250
 DIMERBTON oELPY325s 1HITLaAC21), LT ITLACIS) LTITLECO),BEKD (30}, PM__260

$  gEL(30),gMACH(30),g8UMEL(32),33UNK0(32) PM 270
Casese PM 280
Ces ERRORDEFAULT OMITTEDLCARE=TITLE ARRAY pM 2990
[ Pm_ 300
DATA ITID,ITIT A/1Ma,1He,3H E,UHRROR,UH o= ,4HTITL,4HE CA,UHRD O, PM 340

1 UHMITT, 4HED, (4N awp,UHasse,88anan, dManne, dH LUM UM s PM 320
FET , U L UM , 4N , 4N / PM 330

L osete pm 340
Ceo TUNNEL®TYRE TITLE ARRAY PM 350
Coe _Pm__ 360
DATA LTITLA/4N 8,4HNGLE, 4N DO, 4HUBLE,4H s 4H NON,UNeRET, PM 370

1 UMypN,,dHn cLQ,dHgEDe, 4 Q.4 ﬂp!“'.“"IESI.QH'QEC.Q I[gug pM 380
Coone Pm 390
N METR y N PM 400,

c.ll PM “‘0
FACD) s ATAycl,)Dnng PM 420
FAR(M,WN) & Haw PM 430
FAFn(How) m ATAN(] )nHuw@oHn(woM) PM QU0
FONC(D,Ay = A/D/ATAN(!,) PM 4SO
FOWR(HaN,A) & 2 %A/ tHW) PM_ 4hD
FORPFO(H,w, Ay B 2 wh/(Noke@ wATANCL ) aH) PM 470
“_.__"“fIELlnll_!_luizAIAn£141/30 S Pm_ 480
FYN2(A2,A,EL) ® AYAN((SQRT(AE)OSGRY(AIJJ/(SQRY(a.nATAN(I JIREL))n PM 490
"_ﬁ_mwx_mzn,LAlAuxi,)____ﬁ B — PM_ %00

52




~—BERFOAN BAGE 3

Covnsanrsone pM B30
CanssPRESSURE LSS REFERENCE«STATION TRANSFER FUNCTION )

Cove pPM S30

1 SGRT(EMOSQ/(1,¢(Gel,)/72,0AMACHRRR)) pM  N8g

C..zng....- M

CoopshO88 PARAMETER CURVESFIT PUNCTIONS P 870

FEKC (7H2) »

1709!5-.!!“932!-IQint.Ql@'SG!UB: Hewnd
.

2 +,210219E,6*THRe PM 610
F al Sée 9480k ] Ufw 2 p

1 e, U0004Upe3atH2ende J80050pelaTHEN GG B8T496EaSaTHAuNnS PM 630

2 0,369217EeharH2006 PM 64D
FEKZOL(TH2y 8 ,323330w 502939€a1,THae 49T1S{EulaTHR* PM 680
1 4,199003Ru1a}Haeeles 1986308 a2s Hasnke,20688TEausTHRsS BM 660
2__¢ JGISOYE.S'TH;'*O PM 870
FEL8DU(THR) 8 5726853010, 1218328 1 47HRe,708483 el aTnNnR PM 680
FEKCB(THR) = ,1033395¢,119465¢8miyTH2 PM 690
FEKga(TH2) ® ,962274Eeie 207582EwayH2 BM 700

- thgsscrna, ’ ,1e,53333338.2,TH2 M 740
PEKCH(THR) & .,va&;Js%.;,,gsgo;;sg.;!zng PM_ 720
ENSH(THRy 8 w,132168%,,2933158a1,TH? PM 730
FEKROH(TH2) & o 361404,1986460a7H2 M Y40
FEKYE(P) g ,43137618wde 602551 9Ew3aP+,1693778pnlnpande PM 780

1 ,2753078EeSepnnde, 23231700 ebypnalie,3775568Fa8apnaSe PM__T60

2 1796817641 04Puut PN 770
FRivieP) 8 13980668uis,56072649E03aPs,T081591EuinPande PM 780

§ ,1394685Ea8,Pyy3e,u885301EaTaPuel PM 790
PetvacPy o o 160%670€0,,1046753801,Pe 2570708Ea3aPusZe PM 800

1 ,2066207peSuPnnle, 0335704re8upand PM 810
Lose BM 820
Coer s CONBYLECTINE PagaMETER DEFINITIONS PM 830
Coss ey 8B40
Canans pv 880
Coa FIXED PapAMETER DEFINITIONg PM_ BHO
Coo PM 870
Py 8 dewATANCE,) PM 880
PLOYON & 0,0 PM 890
Cosose PM_ 900
Coe OPYIONAL PARAMETER SELECTION PH 910
~hae oM 920
G w1, PM 930

NEM 48 PM__ Q40

LMTBEC a 35 PM 950
Losessssrssonsoreressy —BM__940.
CoaTHERE 13 NO RETURN 10 THE PREvIOUs INsTRUCTIONg, Pe 970
oo pPM 980

+4e
CRRNARAR AR AR AN AR O RAN RN ANRARRAA RN AR R AN R R R AR R ARARANA N AN TR ARN RO AR RN R NN PM 990

[

e PM 3000

53




e ___ _PEREORM . PAGE 3
Covnnennesvnsrvnnennns Ph 3010
CeoTITLE CARD OPERATINNS ... PM_1020
Cons PM 1030

.. 100 READ(S,7000) ITITLE e PM_3040D

IPAGE =3 PM 1080

- N , — - PM 1060

SUMEXD @ 0,0 PM 1070
. . 8SUMEL = 0,0 p . . PM 1080
TLIST s 0,0 PM 1090

c; $-0-0-o- - -!MM 1100-
Cos YITLE CARD VlLIDITY CHECK PM "110
Coe R 1120
IF (ITITLECY) LEQ, ITID) GO TO 1o} pv §130

TLI8T 8 o4, PM 1140
WRITE(6,9500, PM §150
wiiTEr6,9%02) IYIYLE ~PM _1180.

€ . PM §8T0

CaowINB TORREL PANTES CONTROL DATA CARD ORERATIONS . BM x}eo_
Ce Pn §i90

_ ial READ(5,7001) 1SEQQITUNN£1IU01lﬁAELLIﬂﬂAEﬂAiQAlALll;I!14191._«M_”MMHEM_}RQQ.
Connse Pu 1210

_Las MaASTER CARD VALIDITY CHECK Pm 1220 .
Coe Pm 1230

1F (I18€Q ., T, 0) GO Yo 102 _PM_JR4o.
IF (TLIST 6T, =3,8) WRITE(6,9500) PM 1250
IF (TL1gT ,GT, =3,5) TLISY ® e3, Py 1260
WRTTE (6,950, 190, 1TUNNL,TU, TI8HAPy, ISHAP2, (DATA(T),183,10) PM 1270
GO 10 @201 _PM_1880.
C..Q.all' [ ] PM 1zqo

_Coasitigtly CapD EppOpeCHECK 4ND BaglC PaAgAMEYEn DEFINITION PM 1300
Caes PM 1310

_ 102 Cap, DATACK(Y) Pmv 1320

IPAGE = PM 1330
[ ] Pv_1340
SUMEKQ = 070 PM 1350
SUMEL s 0 0 PM _§360
I (TLIST LY, =2,%) WRITE(6,9004) P™ 1370
1 ) N 11E¢6,900%) PM_{3R80
IF (TLIST ,LT, «2,5 (AND, IU ,EG, 2y WRITE(6,9006) PM 1300
4 . 0 y0 200 PM 1400 .
T1L18T & 0,0 PM 1410
P s DATA(8, PM 4420 .
IF (P oLTs 1,Ewp) P 8}, PM 1430
T3 DATAL9) PM {440
pPA 8 DATA(10) PM 1450
P sh) PA 8 1, PM L1460
Cocnegnngen PM 1470

CoasoBinl DIMENSIONSL FLOW pARAMEYERS DEPENDING ON (NJTSeQFwMEASURE __PM 1480

Core PM 1490
1F ¢y ,EQ, 2) GO v0 103 __PM 1500
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PEREQORM PAGE 4
Connee PM 1910
Les  INTERNATIONAL SYSTEM oF UNITS (81) PM_ 1520
Los Pm §530
o EMUSTD 8 1 7B07E S AM 1840
PT s Py101325, PM 1550
e PATM m P By 1560
R ® 286,79 PM 1570
1T s 7.273 18 Py {SR0
EMUT o EMUSTDatTT/ZGB Gyex, 76 PM 1890
PhRMEM @ QAIA_(IJ.!.L..Eh Py 1600
60 TO g4 Pm fot0
Cos U,8, CUSTOMARY UNITS pM 1630
e oM 1640
103 EMygTD 2 3,719€a? PM 1650
PT » Pe2116,217 PM_ 1660
PATM 8 pAs2116,217 PM $670
_____R= 1719 0 PM 1680
TT 8 144590 PM 1690
EMUT ® Euusrpn(711516.41tt.1§7 PM_1700
PWRMEW & DATA(T)wl E3 Pm 1710
Cavptnsnnss M 1720
CareoGENERAL«FORM DIMENSIONAL pARAMETERS PM 1730
20s PM 1740
104 AT = BORT(GWR»TT) PM 1780
RHAT & PT/(R#TY) PM 1740

P™ 1770

80

Covs pM 1790
VO 8 DApA¢s) PM 1800

105 IF (IU JEG, {3 VOX 8 VOou)l,9438 PM 1810
IF (1u .EG, 2) vOx ® v0a,59248 Pm 1820

EMo 2 VO/AY P 1830

- * Pm 1840

EM ] Vo;ASo PM 1880
IF (ABS(EMpQEM 3 ZEMO (LT, | Ealy G0 Y0 31497 PM 1860

ENO s EM Pm 1870

»

107 EMo s EM M 18990
Cenanennsns PM_§1900
CovesMACHONYUMBEQoDEPENDENY PARAMETERS PM 1910
> Pu 1920

EMOBH w 1,4(Gm1,)/2,4EMOnnQ PM 1930

HO s gH MOgQaw PM_1940

. @0 = RHOS0.Vone2/2, PM 19%0
I PN BN RWWY ' -
ConaoTEST SECTION THROAT SIZE AND THROATeAREADEPENDENT PARAMETERS PM 1970
" T8BLKG = DATA(S) pM 1990

A A a¥ 04) PM 2000
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et PERFORM

IF (I8H P1 60, 3) a0 ® rarocoatncsa.oarata)J-cx.-taaan/soo.; -
LKG/100,) .

IF (19MaPl B0, 13 AQO u FAC(DATAC4))In(] T8
CHp » FDHR(DATA(})'DATA(H),AO)
¢ (IBHADL-;Eﬂ;_ll_ﬂﬁn_lmtbﬂﬂnibklALIJJQAIALHIAAﬂi
1F (18HAP2 ,EQ, % DHO & FORC(DATA(U),AD)
. ASTAR u EuQ*AO*L( tl;lii4l£u9101!!££,!14J/l.14ngl;11_-““_“--wm
RNOC 8 RHOBOnVOWRAQ/EMUT
Cansrnnnnss
C.o.oTUNNEL-TYP! NAME AssIGNMENT

Cosnse.

bQ 108 1 =» 1.9 —
LTITLE(]) = LT!TL‘(S)
108 CONTINUE
GO TU 112
109 LTITLECS) m LYITLA(Y) e s -
LTITLEC4y ® LTITLACS
LTTILELY) wm LTyTLAL — —— e e
LYITLECA) = LTITLA(Y14)
LYIT&E(9) B L TIT ALLS) _
IF (ITUNNL  NE_ § ,AND, ITUNNL ,NE, 4y GO TO 310
CTITLECL) 2 _LIIIthli
LTITLEC2y = LTITLAC2y
60 T0. 112 -
110 IF (JTUNNL NE, 2 ,AND, ITUNNL NE, S5) GO TO 111
LTIYLE(LL_!_LIllgﬁill__ .
LYITLEC2y w LYITLACH)
Gy Y0 Llé
111 LTITLE L) = LYITLA(S)

PM
Py

- BM

PM
Py
Pu

. PM.

PM

P

PM
PM
PwM

P

PM

M.

PM
BM
PM
PM
M

T
BM
Py

. PM

PN
PM

o LTITLﬁiez » LTITLACSY
112 IF (ITUNKL 6T, 4) GO TO 113

LYITLE(S) 37 i WAL
LTITLECHy & LTITLA(10)

.. 6D 1D 114 ———
113 LTITLE(S) ® LTITLAt1)
ATITLE ey m LYITLACYR)y

CQOOOOQIOI

Cgu.. UTpUt OF CaSE pAGE ) TITLE, HEAQINGs AND DEFINING PARAMETERS ..

194 WRITE(6,9000) IT1TLE IPAGE,LTITLE
IF (IU ,EG, 1y WRITE(6,9002y PA,PATM,P,PT,T,TT,v0,V0k,G0
o 3F (1 EQS 2) WAYTE(6,9003) palpATMiBLETITATTLVOIVOKLQ0
leTl(e 9004)
. {E LIV sEQe 1) WRITE(6,900%) .
F (lu (Ew, 2) wRITE(6,90086)
m__~m-.LINECI 2 12 e e e e e e een +
.'.é!...l. 908
CoaRETURN TY' TRE " SREVIOUS pORTION ONLY FOR BEGINNING CALCULATIONS FOR A
Co.NEW WIND TUNNEL €IRCUIT

Lovoe e

56

PM

.

pM
PN

o
PN

. PAGE. .S

2010
2020

2030

BM 2040

2050

2060

2070

2080

2090

2300

2110
2120
aldo

2140

2150

2160

2170
2189
alvo
2200
2240
£220 .
2230

.M _2240

eas%o
2260
2270

ee80

2290

2300

2310
8320
2330

-BM 2340

350

PM_2360

PM

2370

PM_2380

Py
PM
PM

L3

PM
M
Pa
PM
PMm
PM
P
Pm

2390
2400
410
2420
2430
2440
2450

2460

2470
2480
2490

2500



PERFORM. . o e o e PAGE 6

CNR AN R kR AR AR R R RPN AR R R R RAR AR RARRARNRARR R R AR AR AR R R RN AR AR RO N NR Pm 2810

. U S Pv 2520
Cavane Pu @530
Cas. .. MAXIMUM NUMGER OF SECTIONS PER CASE LIMITCHECK AND MESSAGE PM 2540
Ca P4 2950
200 1F tn ohTe LMTSEC) GO X0 ROY. . o e Pv 2560
IF (LINECT ,GE, (LINEMXw?)) IPAGE . IPAGE+) Py 2570

CIF (LINECT 6B, (LINEMXw?)) WRITE(6,9001) ITITLE,IPAGE . = = . pM 2580
WRITE ¢6,9505) LMTSEC Pu 25990
WRITE(6,9501) e e e et et e e et rearemsereren e e et e e PM 2800

Catl DAraCxt3d) P~ 2610

TLIST 8 edy, o e e e Pr 262¢

“ o8 0 PM 2639

IPAGE w IPAGE.LY . . e pPM 2640
WRITE(5,9001y ITITLE IPAGE PM 2650
WQIThtb:9OOQJ - e PM 2660

IF (1y «€n, 1) WRlTE(®,9009) PM 2670

§F (IV (EQ, 2y WRITE(6,9008) PM 2080
LIMECT 3o’ Pm 2690

ote ° . e e e e PM 2700
c..sét'.fldﬁ BR¥2*8aERlrions Py 2710
e P 720

501 wEaD(5,7002) I8En,T8EC,TsHipL, lsvﬂpa;(DATAU) Isi,46) PM 2730
IF (1860 ,GE, 0) GO TO 204 _ o o PM 2740

TLISY = .z PM 2750

IF (N NE_ 0y GO TO 202 _ . PM 2160
wa;rE(e,vsoaa pu 2770
LINECT u LINECTSS —_— e e .. BM 2780

60 10 102 M 2790

. 0@ WR1TE(e,9%506y_ — e ... PM_2800
LINECT a2 LIN%CT¢S PM 2810

DO 203 1 = § 21 . _ ... P 2820
ITITLEC(Ty » ITITLA(I) PM 2830

€03 CONTINUE e e PMORBUD
Coloo. Pm 2880
Cen. oo DEFINITION OF auSUMED TERMINATION PApAMETERS FOR OMITTED _Bﬂ _286p
Ces TERMINATION CARD “ 2870
Caor e Awpmniaao
IPRINT w ¢ PM 2890
{PLOT g 0 e .. PM_20900
TLISTI = 1, PM 2910

; e e PM_2920

TRETRN 8 el, pPM 2930

¢O0 70 2002 . P 2940

204 IF (18E¢ NE T AND, TLIST LT, «2,5) GO TO 208 P 2980
IF (I8EC ~.NE‘_SL .LNDL_ILNL_&T.JQJJ 6010 @06 . ...PM S:ga
cll.'o Pm @970
Cas _DEFINITION OF TEQMINATION TASKenEOQUESY PARAMETERY .. .. Pm gvg0
Con Pm 2990
IPRINY & IQWAR2 .. ... .. PM 3000
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S _PERFORM PAGE .. 1.

58

IPLOT = IFIX(ABS(DATACL))) PM 3080

. TL1sTl = ABS(DATA(2)) — ,_WPM_JQZQ,
PWRI = ABS(DATA(3)) ‘ PM 3030

e .TRETRM _w ABS(DATA(4)) ) __PM 3040
50 10 2602 PM 3050
Coataton s oo ___BM_3060
Cae CASE=SK1P SECTION CHECK PM 3070
Cos e ) .. PM_3o080.
€05 & B Nat PM 3090
e CaLL DATACKE2) AM _3100
LO T 200 pw 3140
Connes. . . I Pm 320
Cue NORv AL SECTION CHECK Pm 3130
Caa - e _._._PM‘_SIQQ-
2006 N B nsl pm 3150
Coll DATACKLR) .. _Pv 3le0

IF (SERROR o T, =14) GO TO 200 Pu 3170
 EL w DATA(gy . Pm 3180
SEL(N) m EL PM 3190

SUMEL B SUMELGEL I _PM 3200

(A XN NN ) PM 3210
c....SEC*Ibw.UPSIPEAM END _CINLET OR END 1) GEOMETRY COMPUTATIONS _  _ PM 3220
Cue Pu 3230
bKAGE s DATALSQ) PM 3240

I (isgc WGE, 60 AND, 0A1¢¢2) 26Ty §,Eeb) B KAGE w BLKAGEXDATA(2) PHM ;aso
F(ISEC LE, 6 _AND,  ABS(TSBLKGeDAYAf10)) ,GT, 1.Ewéy  PM 3260

{  wRyTE (6, ¢507) §LKA&E TSBLKG o pm 3270

IF (ISEC ,LE, & _ AND  ABS(TSBLKGLDATA(10)) ,GT, 1.,Ewé) Pm 3280

1 LINELT 2 {INECToJ Pe 3290

IF (ISMaPY _EG, 24y GO TO R07 _ . .. - pm 3300

IF r18Hapy .EG. 3) Go To 208 pm 3310

Dy @ DATA(4, [ P 3320

AL u FAC(DY) pM 3330

1F (18€c ,EG, 2 ,0R, ISEc EG, 4 ,OR, I8Ec ,£Q, 56 ,0R, PMm_ 3340

1 ySEC ,EQ, 96) Al = Alt(l.-BLKAGE/loo,) pM 3350

OHy » FOMC DY ,A8y Pr 3360

GO Y0 209 pm 3370

207 HY = _DAYA(3) _Bm 3380
“{ m DATACU, PM 3390

e Al u FARCHY,wl) _-PM 3400
1F rySk¢ EG, 2 ,0R, 1SEc ,Eg, 4 ,OR, 18EC ,EG, 56 ,OR, pM 3di0

1 ISEC_LEQ, 96y Al % Alecl,=BLKAGE/1004y pv 3420
DH1 ® FDanﬂg,wl Al PM 3430

_ G010 209 I ___PM 3440
208 Hy = DAYA(3, PM 3450
Lo NL B DATALYE) e e PM 3460
?é -Igarnthl,wt) “ PM 34T

. IF (18EL & _JOR, _18E¢ 18€c K _GJOR,  __ _ PM 3480

1 18Ec .655 S6) A1 ® Ala(!.-BLKAG£/180 2,86 'ﬂ_ PM 3490
DHy m FOHFO(HY w1 ,AL) e ________PM 3500



. ... PEREQRM .. PAGE 8

Connsnanese pPu 3510
Conaa3ECTION DOwnSTREAM (EXIT oR EnD_2)_GEQMETRY CoMPUTATIONS __Pm_3520
Caga Pm 3530
. '209 I (18MaP2 LEQ, 33 60 TO. 218 . _ , _PM 3540
1F (18HAP2 LEG, 2y 60 Tu 210 pM 3556

P2 2 DAYACY) _ _ w3560

42 ¢ FAC(D2) PW 3570

—. ... bMH2 3 D2 e PM 3580
60 10 242 PM 3599

@10 M2 8 DAYA(AY - - e e — PM.3600
2 m DATA(T, Pv 3610

.. b ® FlgeHR,w2y . oM 3620
DH2 w FOHR(H2,w2,A2) pm 3630
———. G0 Tn 212 e pM. 3640
211 H2 = DATA(e) Pm 3850
e 2 8 DATA(T) ———— - PM %660
42 w FAFO(H2,vR, Pv 3670
M2 m FDHFU(”Q:*?:AQJ__._, e - PM 3680
CDI.OOOOQOO Py 3e90
cnonn‘LTER‘T[ﬁﬁS_10_“§Qﬂ§IR!_nglﬂlllaﬁﬁhﬁﬂi_lgmﬂuLIIELE_Qﬂﬂllﬂﬁwmmfw_h-.EM.%;?Q
Pm 0

‘312 1F r183EC ,L7, €0 ,OR, ISEC_,EG, 85) GO 10 215 _ Px_ 3720
ENDUCT a DATA(Y) P 3730

1F (1SEC ,GE, 91 oAND, 7SEC ,LE, 94, ,AND, ENDUCT LT, 1,Eeb)  pM 3740

1 ENDUCT s, Py 3750

Aly 3 Ay e o . PM 3760

Aly a A2 PM 3770

... Al s AT1sENDYCY — ... PM_3780
IF (I1SEC  NE, B6y A2 2 Al2.ENDUCY Pm 3790
,w_m,,.LF“LLQEQ.4Lt4._i_4934_43Ec 26E, 95) Gp 1p 215 ... BM 3800
Conorns PM 3840
Can . Fan SECTIoN GEQuETRY _ __Pm_ 3820
Coo Pu 3830
... DHUR = DATA(®) . Pm 3840
IF (1SEc JNE, 91y GO TO 213 PM 3850

_ DFAx_ = DATACA) . By 3860

DH]1 » DFANDMLR PM 3870

_DOM2 ® DNy om_ 1880

Al = pI*(O"N*.Z-DHUBQ‘E /“.‘(1 -9LK‘GE/1°° «ENDUCT Pm 3890
A2 u Py D2ws2eDHUB##2)/dynt],eBLKAGE/100, ) RENDUET. . __ P 3900
?2 10 215 PMm gzxo

. 213 L,QE; NE, 92y GO 7O 214 . e PM 3920
DFAN @ DATAcv) Pm 3930

PH2 = DFANGDHyR PM_3940

A2 = PI.rDFAN..Z-DHUBnZ;/H.-ENDUCT.tl.-BLMGE/soo 3 PM 3950

__All = A1/ENOUCT ) _PM 3980

Al w A2,ENDUCT PM 3970
.60 70 245 - e _ S Pm 3980
214 DFAN = DATA(4) Px 3990
. DHY s DFANLDWUB _ — e —__PM 4000
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PEREORM PAGE _ 9.
Al 8 PIN(nFANR2apuUBRa) /U h(] ,»BLKAGE/100,)%gNDULY PM 4010
e Al1l ®w AL/ENDUCY M 4020
cnonloqauo PM 4030
“.Q“..‘. SE cwI N L] 040
Cose Pm 4080
— k15 A AL/AD ___PM _4p60-
A20AD ® A2/A0 PM ROT0
AR 8 A2/A} ___Pu 4080
IF (AR LT, 1,) AR 8 A{/A2 P 4090
ACH, V)Y . PM_ K300
Cakl FRICTN(DHL, AL, AMACH,8LAMDA, m 4110
. AMACMY m AMACH . PM 4120,
Vi & v PM 4130
—___SLMDAy s SLAMDA o . PM 4140
Call SPEEN(AQ,AMACH, V) Pm 4150
Capl FRICYN(DH2,A2,AMACH, S AMDAY M 4160
AMACHS 8 AMACH PM 4170
_BMACMINY g AMACHD e PM_4180
va s v PM 4190
%%MD?’E!‘BLQMDA 0, ISEC NE ND, 18 NE, 40 LAND "”'gum%sﬂg

(ISEC NE_ 3 _aN EC _NE_ 4 ,AND EC o 40 JAND, M 42y
—— 1 : s 91°,0r, (a2zaletyy LT, 1.Ee6y  PM 4220
2 ,AND, ISEC ,NE, 94y GO TO 224 PM 4230
__Q,m4=4AA EM-J.‘R“O
Cooe s PEFINITION OF DIFFUSERLONLY PARAMETERS PM 4250
I N S _PM 4260
TH2 ® FYH2¢A2,481,EL) M 4270
IF (1 60 AND, PSEC .NE, 8%) TH2 = FTH2(AIR,AI1,BLY _ PMm 4280
TH a FTH(THR) PM 4290
ExEXP = DATA(12) e _ pM 4300
IF (EXEXP ,GT, 1,E=6) GO TO 224 Pv 4310
C afaldyp - e o e o e e e —— — JE— PQ‘__‘JIZQ
Coa DEFAULTeCAUSED ODETERmINATION OF DIFFUSER EXPANSION LOSS PM 4330
as PARAYETER - pM_4340.
Ceo pPM #4350
ExC = FEKGryMR) e PM 4360
IF (TH2 LT, 3,) EKC 8 FEKCS(TH2) PM G370
1F ¢1HR .61, 10,) ExC & FELCHeTHR) Pu G380
EKS w FEXKS(TH2, PM 4390
IF (TH2 .1 T, 3,) ExS = FEXSS(THR) — . BM 44900
IF (TH2 6T, 10,y EXS & FEKSH(TH2) PM 4410
Ex20R = PE,2pL(TH2) __Pm_4420.
IF (TH2 (LT, 3,) EK2DR s FEK2D3(TH2) PM 4430
1F (TH2 LGE, 9,) Ex20R B FENDU(THR) —__Pwm 4440
IF (TH2 (6T, 10,y EXK2DR m FEK2DH(TH2) P 4450
ExCSAV = K8)/2, .BM 4460
EK2DC w EK2DRLZEKC/EKS PM 4470
____EK2DCS = (EKPDReEX2DCys2, . — ... P¥ 4480
IF (ISHAPY ,NE, § (OR, ISHAP2 ,NE, 1) GO YO 216 PM 4490
Las - — e e PM 4500
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PeREDRM -.—PAGE._ .10

Cos BOTH ENpS CIRCULAR P 4S540
| AP e . Px 4520
SLr » 1, PM 4530

Exe e . PM WSO

EKADD ® EKaDe PM 4550

G0 10 223 R _.Pu _48eg

216 1F (19MAP1 ,NE, | ,OR, I8MAP2 (EQ, 1) GO TO 219 RPM 4570
Cea . - _.Pm _4Sap
Css UPBTREAM END ONLY CIRCULAR pPM 4590
Coe ) — BM_4600
IF ((H2eDi) Gy, 0,0 ,4ND, (W2wD}) 46T, 0,0y Gp TO 217 Pm 4630
8LR = 0°0 _ _PM_4620

GO TO 218 PM 4630
247 SLR 8 (H2wD1y/tw2eD]1y e . PM_ 464D
x! (SLR 67, {,) SR ® {,/8 R PM 46%)
EXKCSAY BM_G660.

IF S ELITY .Ea. 2) EKADD m Ex2DCg PM 4670

iF g;ghag EKBAS EKC _PM 4680

IF (18HaP2 .EG. 3) EKADD = EX2DC PM 4690

60 YO 223 —_——_PM_4700

219 IF (IsHaP2  NE, 1y GO TO 220 pm 4740
Can pPM_ 4720
Cos OoWNSTREAM ONLY CIRCULAR PM 4730
Lan PM_GT40
gLﬂ : W KCsav PM q;so
F (I8HARy _€Q 2y EXBASE m EKCSA _PM _dTe0 .

" 1F (1shapt ,Eq, 2) ExADD s Ex20Cg Pm 4770
—IF cI9HaP) EG, 3) EKBASE = EXC .PM 4780,
IF (IsHaPL ,Ep, 3) EKADD ® EX2DC PM 4790

60 _T0 223 . PF 4bOO

Cos Pm 4810
Caa BOTH ENDS NONoCIRCULAR ___PM_4820
Ce Puv 4830
220 IF ((H2eM1) .EG, (W2eW1)) SR & 1. Pu 4840
I ((HeeHl) ,En, (W2ewl1)) GO TO 222 PM 4850
L_imz-_u_.y_ﬁu_u,_cn_zﬂu_;u,_m;_m Yo ey _Pm_ 4860

8tR & 0.0 pPM 4870

G0 _TO 233 PM _4ABQ.

221 SLR » wa.ut,/(wz-ux, PM 4890
— I1F _(SLR ,GT, 1,) SLR g 1./8.R PM_ 4900
222 EXKBAGE w EKCgAy Pm 4910
EXADD & EK Pm_4920. .

IF (18HaPY EG, 2 ,AND, 1I8MAPZ .:o. ?) EKBASE = gK§ PM 4930

IF (I18HaPY EQ_ 2 _AND 18MaP? 1_21_£5~DQ_1_EEIQ_,"_______,_m“__E_‘AQQO_

1F fysHapt .Ec, 3 .A~D. SHAPZ LEQ. 3) ExBABE = EK( PH 4950

e 1F_(18SHaPY 2EQ._3) EXKADD m EK2DE ~  ___ _PM_4969
223 EKEYXP = EKBASEH1.-ng)a(EKADD-EKBAsE) PM 4970
—c+0-0—0—0 . _PM 4980
Coo PAGINGCHECK BEFORE SECTION "INFORMATION QUTPUT PM 4990
Coo N S . PM_5000.
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PERFORM PAGE _1}.

224 IF (LINECY LLT, (LINEMXe2)) GO vO 225 PM 5010
__ IPAGE = IPAGE4} __PM 5020
WRITE(6,9001) ITITLE,IPAGE PM 5030
WRITE(6,9004) PM_ 5040

IF (IU ,En, &) WRITE(6,9003) PM 5050

. IF (VU Q. 2y WRITE(H,9006) . _PM 5060
LINECT 8 o PM 2070
Lasasasesse _ . ..PM 5080
CoossSECTIONRTYPE BRANCHING Pm 5090
Case -~ .Bm 5100
225 IF (lskc ,E@, ) Gp To 1010 Py 5110
_IF (18Eec ,EQ 2y GC YO 1040 SE—— N ] ¥
IF (18ECc LEG, 3y 60 Yo 1030 PM 5139

IF (J8Ec ,EQ 4y 60 TO 1030 . __..PM 5140

xF t18Ec LEQ, S5) GO Tn 1080 pM 5180

: (ISEc EQ, 6 G Y0 1080 1R 3V -1

F (18Ec ,E@, 10) Go Tp 1100 PM S170

IF (18Ec ,EQ, 20y Go 10_1200 ... PM 5180

IF (Is€¢ ,EG, 30) Go Yo 1300 P4 Si90

IF (I8Ec EQ 32y 6O 7O 300 . ...Pm %200

F (1SEr ,Eu, 33) Go Yo 1330 pM %210

iF (ISEc EG, 34y 6O TQ 1340 . —ee PM. 3220

1F (1SEC ,Eq, 40) GO Tp 1400 pM 5230

I1F (ISEc ,EQ 48y GU YU 14S0 __Pm 5240

IF (ISEC EGQ, 46) GO To 1460 pPu 5250

- ,,IF LSEL.EG $1y GO TO 1510 ... Pm 9260
SECc .G, 52) GO vp 1520 pM 5270

N LiSE_c LEG, 531 GO YO 1530 _PM 52890
1F (18EC LEQ, S4y Gu To 1540 pm 85290

_IF ;18BC B9, S6y GO TQ 1960 . PM 5300

IF (1SEC LEQ, STy GO To 1870 pm S310
______IF (ISEC LEU, 61y GO 1O 3610 _ .. Pm 8320
{' tisEc .EO. 62y Go Tg 1620 pm 5330

F (lsec _EG, 70) GO 10 1700 _ . PM 5340

ir (1SEC .Em. 71y Go Tg 1700 pM 5380

_1F (18EC 3. 60 To 1700 . . _ _ Pm 9360

1F (ISEr .EG. 73) 60 To 1730 pPM 5370

. AF (ISEL LE® GO 10 1740 e Pv 5380
T1F (1SEC LEG, 7S) GO To 1740 p¥ S$390

__IF ¢1SEc ,EO, B84y GO TO jBap o PM 5400

1F (18€C .Eu, 8%) GO To 1850 pM 8440

_IF (18e¢c ,EQ, Bey GO TD 1660 — —— Px S4¢

“1F (1SEC ,EQ, 87y Gn To 1860 pm 5430
. 1F t1SEC LEQ, 91y 60 Y0 1910 . ... ... .. Pm 5440
1F (18EC LEG, 92) G0 To 1920 pM S4SQ
—IF (1SEc LEO8, 94) GO YO 4940 . — — . PM 8460
IF (1SEC LE9, 96) GO Tn 1960 PM S470

IF (I8EC ,EQ, 973 60 T0 197¢ — - e ._.. Pw S4BO
Covonnnnnas PM 5490
CoesssSINGLEwDUCT gECTIONS T0TALePrESSURE LOSSES  _  _  ___ PM 5500
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Coaso PM 8510
Losess Py 8520
Loe S PM 5540
Cao PM 5850
Loe  CLOSED, CONBYANT=ARFA TEST 8ECYION_ __ _PM 5580
Cos P 5570
1010 EK » sLMDALSEL/DH] _Pm 5580
EX0 s FEKO(EK,A0,A},EMO,AMACHS,EM08Q,0) PM 5590

K EKO —--P¥ 5600

SUMEKD s SUMEK(Q,EKQ P® 8610

CALL OQUTPUT(4,1y . PN 56320
LINECT m LINECT+3 pM 5639

. IF (lsfc ,Eaq, 1) Gp Yg 200 - PM_SbUG
C.. Pe 5659
Cose MOngl IN THE TEST SEcYION PM._SH60.
¢ pm 5670
1020 304 & DayA(B) . o __PM 588D
CO w DATA(IY) PM 5690

EPg w 1,¢DATA(16)/100, PM_$700

EK 3 COwSOALEPS P™ 8710

EXD & FEKQ(EK,A0,A),EM0,AMACHE, ENO5G,6) Py 5720
S8EKO(N) = SEKO(N)¢EKD PM $730
SUMEKO 8 SUMEKO4EXO pM BT40

Call QUTPUT(2,3) pM 5750
LINECY 8 LINECta3 e PM_ 8780

60 TO 200 PM $T70

Con —e —-. PM._8780
Cos rlLOgED, OIFFYgING TEgT sECTION PM 8790
t!ﬁ*‘_ _____ — Pm S800
30 EK g (EKEXPOSLMDAL/Z (B, a8IN(THY)w(AR®L,)/ (ARe], YIn((ARw], Y/ZAR) w2 PM S810

IF (EXK ,Lt1, uwgg_u,i_up.m ) EX_ = L"DuaEL/oﬂt . Pw 5820

EKO ® FEKO(EK AQ, Ay EMg, AMACM !ﬁﬂ 16y Pm S83%0

—— _BEKQ(N) m EKp _...PM_ S840
SUMEKD w SUMEKQ,.EKQ P~ 5850

. CALL OUTPUT(3,2y S _PH 5880
LINECT & LINECT+3 P 5870
__IF (lgEC .Eg, 3) GO 70 200 ~ ——— _Pe 5680
G0 Y0 1020 PH 5890

Caa . e PM 9900
Con OPENeTHROAT TEST SECTION Pm 5940
B P e e B 9920
{0807 €K & ,0uUSHEL/nHI®,0053% (EL/DH1)wee P¥ 5930
_EKQ w FEKQ(EK,A0,Af,EMQ,AMACH],EN0gQ,Gy . BM_ 5940
SEKO(Ny m EKQ pM $950

e _SUMEKD 3 SUMEKO,EKQ e PM 5980
TH2 & FTH2¢A2,41,EL) PM 5970
e CALL _QUTPUT (3,6} _ . PM 5980
LINECT & LINECT3 PM 5990

- IF _(18Ec ,EG, Sy GO 10 200 S Pm 6000
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60 T0 $020 M

C s 8aldy - r—— = e = e e JE— - e et v ——r PM
Coo STRAIGHY, NoNeDIFFUSING DUCTS ::
Cos s e e o U 1 .|
¢ PM
con CONSTANT®AREA ODUCY . S - PM
Coo pm
1100 NN 8 § o PH
EK » BLMDAL4EL/DNHY oM
0,01 EMO  AMACHL EM08Q,6) _ ..o e PM

ITYPE » Pm

GO 10 2000 OO 1.

C e PM
Ces CANTRACTIoN [ ... PM
c i PMm
iN 8 e e et e - Pn

THZ 8 FeH2(A1,AQ,EL) P
o EK B, 32,8LMDAR.EL/DHY e . P
EXg = FEKQ(EK,AD,A2,EMQ, A"Acﬂi EMOBQ, G) PM
_1YvPE =m 4 e e : M
GC TO 2000 P
Cosase e e e s e e R PM
Coe CrRNERS anND TURNS Pw
Laos e e i i P
Con P
Laa CANSTANT@AREA CnRNER ew TURNING YANES ONLY . . :m
™M

‘1300 wn u 3 el P
CHOQD ® DATA(9) P

_ PH]l s ARS(OATACL1YY . . . e PM
EXTVGnr & DATA(12) P
WA REF B DATAplG)nld kwg L P
1F (DAFA(lU) LT, 1,Ewby RNREF = .5.10...6 P

o IF (ExIVI0 LLT,. 1;E‘§1 ExTvo0 & {5 e e o P
IF (PHI L&, 30,y EXTV 3 FKTV{(PHI -EKTv90/ 15 PM

. YF (PHy lGYc 501] ExIV @ FKTVE(PHI}*EKTVQQI 15 . . - P
Y B RNOC#CHORD/ZALR (L, #(Gul )/2, #AMACHIN "2 un 76 P

o . Ex s E\TV*CZ.*(A;0@19QRNREF)/‘L0510tRNV))*'Z.Séill.”,,, s P
IF (ISEC ,E&, 30y 6O TO {301 ::

*5:: - CANSTANT@AREA CARNER wITH TURNING VANES AND WALLS g»
[

Cov NN 3 oA o PM
EK 3 EXGSLMDALLELZDHL. T L Pn

1301 EXKG a3 FEKQ(EK, Ao,Ax EMQ, AMACHI EMOSQ G) P
1TYPE B 8 o U P

R0 OTO 2000 :M

e COnSTANTwAREA CORNER WITH WALLS AND WITWOUT TURNING VAMES P
Loes o . PM

64

6040
6020
6030
6040
6050
6060

r 8070

6080
6090
6100
elio
Y1)
6139
dlan

« 0150

6160
e170
6180
6190
6200
8240
220
4230
6240
6250
6260
6270
6é80
6290
(3 1Y
6310
6320
6330
&340
6350
6360
6870
63890
0399
0400
6410

v BU20

6430
6440
6450
6460
6470
0H80
6490
6500



PEREDRM —

1330 NN g ¢
: L] i1}
EKTE9) ® ODATA(LR)Y

______i£_1£x1111_4;14_141=n;_£g153n.;*4.Ao e e i e+ e
KTE & FKTE(PHI)AEKTE90/1,80
 EK n EKTELSLMDALLEL/OWY e e

EKO m FEKO(EK,AQ,Al EHO,ANACH!.EMOSQ,G)

ITYPE » 4 — e e e e
60 YO 2000
[ U
Con DIFFUSING CHRNER wITH TURNING VANEg AND walLLS$
Cos - e e

1340 NN = 10
_CHORD m DATA(Qy

PHy m ABS(DATA(1}1))
EKIV90 & DATACY2)
RNREF & DATA 14)ai0,unb
1P (EKTVO0 LT, 1, Eeby EXTVIQ ® 15 “_
IF (DATACI4) LT, 1,E=b) RNREF s 2Sel0 006
1F_(PHI L&, ;g,,%gﬂtv B FKTIVI(PHIyubKTVIQ/ 195
IF (PH] .Gr. 30,) EKTV = FKTVEtPHIgtEKTVOOI 5]
TH? = FTHZ&AQ,AL,EL_ B
RNV 8 RNOCGCHORD/AL4(1,¢(Gml, )72, wAMACHlttE)au.7b

Exkv s 3
IF ¢THe ,GE, 21,5) EKV = EKVo.OOb*(THZ-Zl ,5)
) En§~§4ggyugAAa-{LglAR)-tz_
Ekp s EXTV,
Capy !Rlcrniﬁhoﬁp,A;JAnAcﬁg SLAMDAY
EK = EK]4 EK2
e EXQ 3 FEXKQEK, 00,21 ,EM),AMACN],EM0S0, 6y

ITYPE m %
.60 T0 2000 e
c (A X RN
Cotooo .. ._DIFFUSIQON e e e
Cas
_.:‘ . - — P— —— —— SR
Cae DIFFUSER
Cot . e
{ioo W w1y
EX !«LﬁKEXP‘SLE”ﬁ!£(51!§IN(TH))QIAR‘ll)liﬁﬁfl;l)*((AR-I-)/A“)*'Z
IF (Ex "LT  (SLMDAI®EL,Dn1)) EK u SLFMDAJeEL DHY
Exd & FELOPEL, A0, A1 ,En0,AMACH],EN08G,6) , )
1TYPE = 3
e L BU YO 2000
Con
Cenn o EXIT_KINETIC ENERGY FROM FLOW BUMP__
f‘

1450 nN = - S _
EX B 240((1,4(6G"], )/2.*AMACH1**2)**(6/(G-1.))-1 )/(G*AMACHlttz)
EXO v FEKQ(EK, A0, 0L ,EMQ,AMACHL,ENQS0,GY . _

. WAGE

L1

P
PM
PM
PMm
PM
PM
PM
PM
PM
. PM
P™
PM™
PM
£M
PM
PM
PM
pw
Pw
Pm
PM
pw
Pu

. PM

Pm

14

6540
04921
0530
0S40
8559
6560
6870
6580
65990
6600
6640
t620
6630
8640
6650
0660
6670
6680
06990
8700
6740
6720
6730
6740
6750

6760

6770

Ph 6780

pw
Pr
Pm
P
PM
PM
pMm
PMm
PH
Pw
P
PMm
Pe
P
Pwm
P
pr
PM
pm
PH
pM
Pwm

6790
4800
6840
682¢
LLXY
6840
6850
0860
6870
0880
6890
6900
89106
69¢9
6930
6940
0959
6900
6970
6980
6990
T000
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ITYPE » 2 PM 7010

GO Y0 2000 _ —— . R . PM _T0R0.

Coe pv 7030
Los SUODEN EXPANSTON .M 7040
Cos P« 7050
1460 NN ® 13 N v . Pn 1080
TH2 & 90, PM 7070

EK a ((ARai, \WALLAY T T . e ... _PM Y080

ExO m FExO(Ex,AD,AL, EHO.AMACH!.!MOSQ Gy PM Y090

1TYPE = 3 e — .. PM.T800

G0 TO0 Q900 P™ Tit0
A — e PY 1M20
Coe FLOW ORSTRUCTIONS Py 7130
Los e R o PM THUD
Cas pm 7480
Ac.. HONEYCOMB _YHIN FLOW STRAIGHTENERS. — —_ . Pm. 1160
P TL1T0

__1519 NN 8§40 . PM 1480
ELODH ® DATA(H) PM 7190

_ PRSTY = DAYAp40) . _ e e . . PM 1200
RUFNES 8 DATA(L14) w10 ,wn(wb) PM YR10
1P (DATACLY) oLTe LaEe0 JAND, IU oEQ, 13 RUFAES = 00001 __ . PM 7220
IF (DATat14y LT, 1,Eab (AND,  IU ,EQ, z, RUFNES & 000032808 PM 7230

LI | ELzﬁgﬂon”d““_“____u_‘ S . . PM_T240

Al = PRSTYwA$/100, PN 7280

Cﬁbg SPEED(‘LJAMPCHLV) ... .Pm 1260

8 RHOT/(1,4(Gal,y/2, .AMACH..Z,..tx ,/(Gelyy) PM 7270

Evi 8 E“UI/tl;t(Q_.lila."nAC”ﬂtE)t* 6. .M TRB0

ENU m EMU/RHDS Py 7290

RN m V,RUFNES/DHL/ENY . PM 1300

SLAMDA = 375ncRuFNEs/nHL)-- G4/RN#w, PM T340

CIF (Ry (6T, 275,) § AmDA s .i:aataufnts/on yawgl . PM 1320

EK @ SLANDA.(ELUDHqg. .leo./PR81Y an2e (40 ,/pRsTv-1 YN Pm 7330

LR FEKO:Eh.AO.kLaEyQ.ANkCHl Emoaﬂ 6) . e PMO T340
1TYPE a 4 P~ 13S0

. 60 Tu Rpoo . e . P 1360
Can PM 7370
Cas . . o __AIgFOIL tHICK FLOW STRAIGHTENEQs. . . . ... _Pu 7380
€. pPu 7390
132¢ nv s 45 .. .Ph 1400
ELOLH 8 Dayacrs) PM T4t0

PRSTY = 0A1A11n4__," s PM 1420

1F (ELOMH ,LE, 0,0) ELODH = 2, PM 7430

ELC = (J3wE . . e e P TAD

ELD & ELuELC PM T4S0

AL e PNSTY/ZL00amA L e e .. PM T4eo

Avw & AZ/AL P 7470

ey, a EL ELODK e PMm 7480

CaLL SPEEDCAL )AMACH,V) PM 7490

Cabl FRICTN(DHL AL, AMACH,8LANDA) P~ 7500
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PEREQRM _ e . PABE.
EXCNTR 8 324ELC/0HL#SLAMDA M
yH2 a FPyHReA2,AL,ELD) S -} ')
EKv 8 3% PM
IF (THS .Ge, 21,5) EXV ® EKV4,006%(TH2e21,5) . . pu
EKD & EXYW(tAn=l ) /AR wn2 PM
____._L_._E_c_lqi_n__-__ e e e e _PML
EKo n FEXKO(EK,AQ,AL,EMQ, A”ACHI EMOSG G) PM
ITYPE & 3 - e PM
60 TO 2000 Py
Cos e -
Cen FERFQRAYED pLATE wITH sHARp-EDG&D naIFIcEs PM
. . e e .. PW
1830 NN 8 {6 Py
RPRSTY m DATAf3Dy - PM
Ex w ((8QRTC, 5-°RSTYIZOO Vel ,=pRSTY/100, )wloo./p957v;¢.z oM
u______ﬁﬁQ_I_EILQJIKLAQAAIAE.QLLEAch14E”OSQcGJ [ . Pm
ITyYpE 8 2 PM
e GR T0 2000 P
Ces PN
Cas __ _WOVEN MEgH SCREEN R L PM
c, P
15“Q_N~ = 17 e —. PM
DME3H = DAyA(Q) Pm
B ___BRSTY = DATA(10y o e o PM
"EKMESH = DATA(12) P
_ IF (BKMESH LT, {,Ewb) EKMESH & 1,3 o PM
RH(,8 8 wHQT/(l 4(0-1.312 tAMACHlan)*«(l Y TTIN XY PM
e EMY g E“U1111.¢LG'1‘)/2 *AMACH I wn2yn%,T6 e PM
ENY 8 EMy/aH0g PM
RN g VI DMESH ENY el 4
EXK » EKMESHt(l -PRSTylloo )0(100.IPRSTv-1.)w-2 PM
. _1F (RN 400 AND o L . PHM
1 Ex .L* (s.-(?a Stict wRN/ 354, )/100,01 0 0133)) pM
~i__Ex = ax*c75.5tt(1.-R~/354.3/100,18.913u._m____«__mﬂ__mmM“,M"_, Py
EKy @ FEKO(EK AU AL EMO, AMACHL ,EMOS,06) P
— 1TYPE = ) _ e PM
GU YO 2000 PM
Cee P
Cos INTERNAL STRUCTURE (DRAG ITEH(s)) AT UPSTREAM END OF & P
Las _SErYION __ ST PM
c 20 Pp
.. 1566 NN = 48 o S Pw
ENITEM s DATA(2) P
SOA m DATA(Ry - e . e P
CD a2 DArA(1Y) PM
.. EPS 3 1eDATACL16)2100Q, e e, PM
IF (ABS(ENITEM) Ltv, 1,Ewb) ENIrE" . 1. Pm
EK x CDaSOAREPSKENITEM e .. PM
EXKO = FEXODrEX,AD,a1,EMD, AMACHI EMOSG 6) PM
1TYPE B 2 e N . e ... PM

16

7810
71820
75390
1840
185¢
1860
1%70
7580
71990
7600
7610
7620
763¢
7640
7650
Té60
7670
T680
1690
7700
1740
7720
7730
1740
7750
7760
17170
7780
7790
7800
7810
7820
7830
7840
785¢
7860
7870
7889
7880
7900
7910

v 1920

793¢
1940
7950
7960
7970
7980
1990
8000
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PERFQRM

60 T0 2000
Cnn
Cos FIXED, KNDwNelOCaLeLOSS ITEM A7 YHE UPSTREAM ENO OF A
Coe SECTYION e e e
cl.
1570 _NN_B 19 —_— . B
EX m DATA(LY)
EKo m FEKO(BK,AQ,AL,EMO,AMACH], EMO8G,Gy
ITYPE = 2
GO Y0 2000 - e e e e s
c
et BLELDUCT SECTIONS 7O7AL=PRESSURE LOSSES . . _ . ___
Cree
C abads e e [ S - . O
Coo $TRAIGMT, NON-DXFFUSING DUCYS
[ - e e s e
Coon X
c.. CONSTANTwARES OyCys L.
__Jbia NN B R0
EX & SLMDA1LEL/DHY
e _Exn m FEXO(EK,AQ, AL, ,EMO,aMACH] EMOSR,6y
ITYPE =
.. G0 TO 2000 S
C.. )
Cas. CGONTRACTIONS
c..
. iegy WM s 21 e e e e e e
TH2 = FTH2¢A11,A12,EL)
Ex = SBaSLMDAltE IDHZ__F, ~ _
Ex0 = FEKO(EK;AO,AZ'EMO AMACH2,EMOSU, )
ITYPE . ¢
0 1O 29006
CII e88. . ... S e e e v - e o—— - P —— e
Cos CGpNERS aMD TUgpMs
g.. S
Cos  CONSTANT=AREA. CORNEWS == TURNING VANES ONLY
¢
1700 ~v w22,

68

CHORD = DATA(Q,

Prr s ABS(DATAL11)) . e
ExTV90 = DaTa(l2)

RMREF & DATA l4ywlQ,unt . .
IF (EXTV9Q LT, 1,Ewby EKTVS) ® ,15
IF (DaTarla) .LT. §.E96) RAREF = .Sﬁlo.tsb‘_m“m_
IF (PHD Le, 30,y EXTV a FKTVL(PHIy#ERTVIO/ 15
IF (PH{ .GT. 30 J_EXTY ® FIva(pHy *EKTV°0/ 15
KNY g RMOC:CHORD/Axtcl +(Ge1,)72, tAMACHltiZ)tﬁ.7b
Ex = EKTV.(Z.#(ALOGXO(RNREF)/ALOGlotﬂNV))tt?,SG)/S.

PAGE . .

pM

. PM

PM
PN

PM
pM
PM
pwM
PM
M
PM
PM
PM
PM

. PM

PM
Pv
Pm
P
PN
Pw
Pm
Pwm
PM
P¥
PM
Pm
PM
pPM
oM
Pwm
PMm
PM
Pw
Py
pM
P
P
P
PM
Pm
PM
P
P
P
P
pw
P
P
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4040
8020
8030
8040
8050
80690
8070
80890
8090
8100
8tio
8120
8130
8140
8150
8le0
8170
8180
8190
8200
8210
8220
8230
8240
82so
8ge0
827¢
82890
8299
8300
8310
8320
833¢
8340
8380
8360
8370
8380
8390
8400
Bdyn
842¢
8430
8440
8450
84060
8u70
8480
8490
8500




PERFORM e e PAGE 18

‘ IF (]8€C ,EQ, 70) Go To 1704 PM 85910
Lea e e e PM BS20
Coe CONBTANTwAREA CORNEQS WITH TURNING yANES aND waLLS pPm 8530
Cos e i e e PM BS4g
NN & 24 P4 8550

K K oEL 704} e - PM B8S60

IF (18EC ,EQ, 71) NN ® 23 PM 8570

Cae .. PM 8%8¢
Cae CONsTAN?-AnEA CORNERS WITH TURNING VANES AND ONLY ONE PM 8$90
Cos 810FQuall EACH Pt 8800
Ces Pv 8610
F (ISEC ,En, Tiy EK = EKad, /4, e PM Bb20

$1701 EXO & FEKO(EX,40, Al;EMo.AMACHl EMOSO,G) P¥ 8630
_________ _11YPE w | . S . Pr 88U
60 TO anoo P4 8650

Caa [ 30111
Car C0N81AN1-AQEA CORNER erH NALLS AND WITHOUT TURNING VANES PM 670
_Las_ . e L e ... . PM BbHuG
1730 NN B 25 PN 8690
_.PH1 = ABS(DATA({1)) . L . PM 8700
EKTEGO = DATA(12) pr 8740

IF (EXTEGO LT, 1,E%6) EXTEGD = | ,80 i _PM BTR0

EXTE = FKTEfPHI)*EK7290/1.BO PM 8730
_ Ex ®m ExTEeg MDALwE| /DMy o o Pv 87490
BXn B FEKO(EK)A0)AL EMn AMACH] JEMOSU,6) PM BTs80
e L JIYYPE B pM 8780
GO T0 2000 pm 8770

I P .. e PM 8780
Cou IFFusING cOnNEns wITH TqulNG VANES TAND wALLS pu B790
—Los_. — U R PM 8800
1740 NN 3 20 Pu 881¢
. LCHORD = DavYA(Qy .. . Pw 8820
Pu] 8 ABS(DATA(11)) pm 883n

.. JEXTVOQ B oDATACLRY . U -2 B 117
RNREF 2 DATA(1dyal0,unb PM 88x0

1F (DaTA(L4) LI. 1,E=0) RNREF = .Silodwb . _pM B8¢4¢

1F (exTVo0 LT, E-63 EXTVeD = PM 8890

}E tPH{ 1LEs 30;1 EXTV ®_ FUVILP"i)*&xTWO/ WA P 8880

F (PHT 6T, 30,y EATV s FXTV2(PHI uEXTV90/,15 PM 8890

THg = FYH?(‘EMMELL__,_ ....... — _.PM_89%00

Ravoa P\nc £CHORD /AL 4 (Y, +tG-1.,/2..AHACH1..2,...79 P4 89490

Exy & I e BM 8920

1F ¢TH§ JGE, 21,5) EXV & Exv,.oob-cvnz-zt 5) Pu 8930

i Exl = Egvﬂ((AR-l b EAYIL LY E } e ___PM_89%0
EXg » EKTV, 2./ P B9%0

AL FR!CTN(i“QRQl‘lLAMAC“lLSLAHDAI L _PM_ 8960

Cos r 89790
Cas .. DIFFUSING £O0gNERS W4ITH tTURNING yANEg AND QONLY ONE PH 8980
fas SIDEwWaLL EACH PH 8990
B S PM 9000
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IF (ISEC ,EQ, 94) EK) u EXKIwEL«SLAMDA/OHL/4, PM 9010

F N = . e . PM 9020

EK » EX{4EKR PM 9030

_ EK0O S FEKO(EK,AQ,Al,EMO,AMACH],EMO80,G) Pm._9040
ITYPE = 3 PM 9050

GO Y0 2000 e _.PM.9040
Covose pPm 9070
Caa DIFFUS]ION I - —ee..PM_9080
Cse PM 9090
Cos —PM_Q300.
Cas DIFFUSERS PM 9110
Coe e — . . _.PM_9120
1840 NN = 28 Pu 9130
EX 8 (EKEXPLSLMDAL/(8 oSIN(THY)aCARS], iliARnioilLLLLR£14JlARJ!EZWwWPH.91“0"

IF tEx .Lr. csLnonxaEL/on)) Ex s sLno 1aE| /DRY Pm 9150

MO, AMACHI ,EMO5@,6) . . .BM_ 9180

!TYPE . 3 PM $31T70

60 10 2000 e _Pm 9180
C.".. pN 9190
__c..m..*,_“______ALA_EQ_QI_EM&_ER&_,_,MU.,,._,~~ e - e PM_9200
Pr 9210

__Léiu,wgﬂs 29 — - T 1 S 1-¥'3)
Exy 8 ,3 Pv 9230

e . YH2 B FIH2(AP, AL, ELy _ - _PM_9240
IF (TH2 ,GE, 21,5y EKV ¢ EXVe,006n(TH2w2i,5) PM 9250

_ . EX g E*V;((AR-x,;_AR xnd . e B¥ 9260
E«o 8 FEKO(Exy)AD,AlL, MO, AMACH1,En0ST, G) PM 9270

. ITYPE 3. 3_ . - e e e ... PM 9280
0 10 2000 PM 9290

Coa . . SUDDEN EXPANSION FROM MULTIPLE OUCTS TO SINGLE LUCT. _.Pm 9300
Coe Pu 9310
1840 NN 8 30 Pm 9320
TH2 ® 90, Pm 9330

EX o ((ARw1,)/ARY"#2 _ R _PM 9340

EXg » FEKQ(EK,AQ, A1,EMQ,aAMACH] Enosu G) PM 9350

1F (1SEC ,Eﬂ,wﬂj; NN = 3¢ , . __Pm 9360

ITYPE u 3 Pr 9370

6O Y0 2000 .. _ R P» 9380
Covana Pr 9390
Las. .. o DRIVE=FAN SYSTEM _ - B PM 9400
Cos PM 9410
Cas e B . R . PM 9420
Coa FAN ANNULAR DUCT(S) WITH MOTORSUPPORT STRUT(S) PM 9430
C, I e L e I PM 9440
1810 w e 32 PM 945(
ENJTEM 2 0ATACR) . .. . PM 9460

gNé & DAYA(R) PM 9470

(D 3 DATA(1}y B} PM 9480
ETAFAN x DATA(1S) PM 9490

EPs & §,4DAvA(16)/7100, P4 §500




ol e PERFORM .. ... - RAGE 20

IF CENTITEM LLY, 1,E%6) ENITEM 3 |, PM 9540
_IF (EvaFAN Ly, 1,kwb) EyAFAN ® 100, - . PM._ 9520
EvF = AMACHY PM 9530
ENPAN g ENDUCT e e e e e e e e PM_9540
IFLAG = N pPM 9590
oo NHOSF 8 RHOT/ (1,86l 3/2 ,wAMACH A xQ)ea(l,/CGol, )Y PM 9560
EXD = SL"DA1.EL/DH1 P8 9570
IF ((A2/781e1,) (6T, 1,Eeby EXD & (EKEXP4SLMDAL/Z(B, xSINCTHY)® __ _ PM 9540
1 tARel,)/capel, ))*t(An-l Y/AR) w2 pm 9590
IF (ExD. .LT,MLSLMDAltEL/DHI)) EXD x SLMLAIREL/DHY. .. . .. PM 9600
EXSTRT 3 CDwgNAWEPGRENTTEM PM 9610
Er g EKDLEKSTRY _ — . o PM 96020
ERe = FEKO(EK AQ,A1,EMO,aMACH],EMOSQ,G) PM 9630
JTYPE =3y R e U 1. B 1YY )
IF ((82/A1al,) GT, 1,Ewb) ITYPE ® 3 PH 9680
.. .68 TO Zouo_un e e B N . PM 9860
Coo M 9670
Cas .. . FaN CONTRaCYION(g) 70 ANNyLag DyUCT(s) WITh MOTORSUPPORT PM 9680
Coe STeuT¢S) PN 9690
C e e _Pm 9700
Iéen NN 33 PM 9710
TH2 a FTH2¢AYL,A12,ELy e e . PM %720
EX & ,32xgLMDALREL/DR2 pM 9730
EKO s FEXQ(EK,A0,A2,EMD,AMACH2,EMO8U,G) . PM 40
ITYPE = 4 P 9750
60 Y0 2000 . ... . .. . e .. PHM 97080
o ps 9770
Cae FAN DIFRUSER(S) FROM ANNULAR DUCT(8), EACH WITH TAPERING, PM_9780
Coo ConEwSHAPED CELTERRQDY PM 9790
Lo O Pm 9800
194n aN B 34 pM 9810
EX 9 (EXEXP,SLMDAL/ (B, oSIN(TH) Ja(ARe], )/ (ARl ))R((AR®])/AR)#22 PM 9820
1F (Ek (LT, (SLMDALWE|/DN1)) Ex 3 sunu.eunﬁf PM 9830
| ?EKQLL_LA.OJMLE"Q:L“ACM EMOSW,G) PM. 9840
ITyPE = 3 PM 9850
G0 YO 2noo . Pn 9860
Connna PM 9870
Cou. ... . FLOw ORSTRUEYIONS . . _ _ PM_9880
Cos PM 9890
G 0 8 o e e e A PM_9900
Coo INTERNAL STRUCTURE (DRaG yTEMtS)) AT UPSTREAM END OF EACH pM 9910
PSRN *1 ¥ | ol AR R . Pr_ 9920 .
Can PM 9930
1963 w8 2 38 R ~ _BM_ 9940
ENITEM x DATA(2y P# 99590
S0A = DAYA(R) e — —_BM 990
CO = DATA(13) PH 9970
EPs & $4DAYA(16)/0000 . i e PM_9980
IF rENITEM LT, 1.Ewb) ENITEM = 1. PM 999D
Ex 8 COxSOAnEPS#ENTITEM e .. ___.._BM10DOO
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- ) PERFQRM e PAGE 2%
EXO & FEKOCEK)AO )AL, EMO,AMACHL,EMNO80,G) pPM10010
17YpE = 2 _ S, . — - PmyQ020
G0 TQ 2000 PM10030
Coo PM10040
Coe FIXED, KNONN-LDCAL-LOSS ITEH AT UPSTREAM END OF !ACH DUCT PM100S0
Logm e SR PM10080
1970 NN & 36 PM10070
. . EX = DATAL13) S PM10080
EKG @ FEKQ(EK,a0,A1,EMQ, AMACH],EMO8G,G) PM10090
- IJYPE 8 2 —— — — e PM10300
COOO!.Q.O!. Pr10110
ConasBOMPONENT TEST«SEcTIONREFERENCED 088 SUMMATION . PM!OI:O
Cane PMI0130
._i009”§££91u1_g_££oy,_wwu,__m_ﬁ-mm““ e e .. PM1014O
SUMEKO 8 SUMEKQLEKD Pmi01s0
Lasssansese e . PM101860
CosesSECTION PERFQRMANCE INFQRMATIQN oUTPUT PMi0LT0
Lese-. e e Pu10180
1F (Ex0 .61, 0,0) GO TO 2001 PMi0190
. wRITE(6,9509y N _ ... PMy0200
TLIST & &2, _ PrM10210
CLINECY & LINECT&3 — . PHLORRO
60 10 2a¢ : PMi0R30
2001 CALL_QUTPUY(ITYRE NNy . e G, PMYIOR240
LINECT ® | INECTe3 - " PM102S0
_EO_TL 200 S (e .. Pmipeeo
o Pmi0a70
Cﬁttﬁtttattgg_ﬁtlgltttt*tgi*ﬁtgtg’ptﬁgt*itttt*t*tngtg RRARRRANNRANRRAN Ry PMIOZR0
CQ'O.Q..OQIO (ER X ] PMIOE‘PO
CaaCASE I&a_l_ Qﬂ"TAa!aﬁww”,‘m_m o e PMLO300
Coeo PMi0310
Cassssnsss . 1 X 3 1]
C....SUuMARY AND OVERA | PERFORMANCE CALCULATIONS PH10330
Lons.—. — e B e e PM10 340
Covsre PM10350
Caa. . ERRNR«CAUSED SKIp aND MESSAGE _  _ . PM10360
Cown PML10370
2002 IF ((TLIST WLYo wlo oOps ABSLSUMEKD) bLra_ L E=b) (AND, P410360
1 LINECT . GE, (LINEMXel)y) IPAGE = IPAGE,) PM10390
1 reIsY Y 1. WOR, ABS(SUMEKO) LT, 1.Ee6) 44Ny _ ___ PH10400
i LINECT LGE, (LINme-l)) wRITECS, 9001) ITIY E)IPAGE PM10440
__1F I(TLIST .LV,_gl ABS (SUMEKYQ .LI+_L.£g§1V.AND.______ . . P®3Q4Q0
{ L INECT L6, anEnx-m WRITE(6,9004 PMIGU30
R LA S 9L ) 1 LT,_.l _eOR, ABS(SUMEKO& .LT,_L,Egéj oAND, . _PM10440Q
1 LInECT .Gﬁ LN MXel) oANDy U (EQ,y 1) WRyTE(6,9008) PMYQ4SO
. ...,__!F ((TLIST ;.LI. Ill.len ABS(SUME“Ol gLI..-l.E!Q),_;‘NQ¢,_N,..,.«_.._.,.___.-__ PH‘Q““Q
1 (InEcCT ,GE, (LI~EHX-1) oAND,y U JEW, @) wRITE(6,9006) PMLI04T0
1' ((TLlsT_.LI._!t._.OR. ‘BSISU"E‘(O ..LT.-!.E'Q) .AND‘ R PM!O“OO
1 LINECT GE, (LINEMX={)) LINECT B io PML0490
- IF (TLIBT LT, ml, ,OR, ABS(SUMEKQy LT, 1,Ewé) WRITE(6,9504) .- PmM10S00
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N —_ e PERFOR®. . PAGE 22

IF (TLIST oLye @1y +OR, ABS(SUMEKO) L1, 1,Ew6) LINECT s LINECT43 PM10510

LIE CTLISY LY, e, OR.ABSC(SUMEKO) LT, L, Eeb) GO T0 2015 . PM1G520
Connne pPML0530
Coo .. - — .  ENERDBY RAYRO e — e Pr10S40
Ceon PM10550
. ta = 1 ,/SUMEKQ . e e e P*30960
Coverve PME0STO
Csase . .. PRESSURE DIFFEREnTIAL ACR(SS SECTION WakLS (COMPUTED AT THE PM10980
Cos DONNSTREAM END OF EaCH SECTION) P410%90
Coo- e e e e e . S . Prn10600

Dg 2005 x s {,N PvM10610

AR el L, 1y .60 Tu 2003 . e PM10620

SSUMEL(I) n SEL L) Pv10630
SSUMKOCY) » gEKO(Y) . L L pMio640

60 TG 2004 PM106%0

LRU0S SSUMEL (1) m SSUMEL(Iel)¢S8ELCLY . ... . . e e e Puloeel
ssunKocx& s ssumxocx.1,+sexo(1 PMy06T0

2004 1F (yFLA6 ,Eqe y) 98UNkO(y) = SSUHKO( JeSUMEKD _ . pMiUeBO
2005 oaLPcI) & PATMw((PT*Q0#§5 Mkoc:))/(t.otsol Y72, #SMACH(T) an2) wn PMI0690
1 (6/(6=1,43)) e pPMiQT700

IF (LINECT LT, (LINEMXel)) GO TO 2006 PM10710

. 1PAGE = IPAGEsY S _ PriQ720
WRITE(8,9001y ITITLE,I1PAGE Pr10730

. LINECT & o e PHLOTUD
2006 IF (IU ,E8, 1) WRITE(6,9300) SUMEL PM107S0
IF (Iy ,Egs_2) wRITE(6,9301) gumel . , _ P410760
LINECT & LINECT,2 PH10T70
Cooote - PM10T80
Cooe PAGINGeCHECK PaIOR TO OUTPUT oF SUM"ALY PERFORMANCE PM10T90C
Cos C INFORMATION B . Pr10800
Ceo PM10810
o IF L INECT o T, (L INEMXed)) GO TO 2007 A o , PM10820
IPAGE & 1PAGE,1 PMi0830
WRITE(6,9001) ITITLE,IPAGE. , e . v PM10840
LINECT = 4 PMy0890

2007 IF ¢IU g6, 2y 60_TI0 2008 , T . Pui0860
Cavnone PMip870
Cas _POWER CALCU ATIONS FOR 8T UNITS . . . . . _ __ Pmuiobéo
Coa Pr10890
_ P4RIP = A0aVOana3aSUMEKOWRHOSOwn2/2,/8M08¢ . . PM10909
PAROP = PWRIP,100,/ETAFAN Pm10910
AVGPWR g PwROP,ENFAN . Pm10920
“RITE(6,9302) sunsxo ER,PWRIP,PWROP, AVGPAR,ETAF AN, ENFAN PM10930
LINECTY & LINECT,S _ ____ - R e . PM10940

60 TU 2099 PM10950
Cetass . L ... BM10960
C.. POWEn CaLCULATIONg FDR UeSe CUSTUMARV UNTTS PM10970
e ... Pmip980

' é&oa PWRIP & Ao.vo--}-suvexo.nuosoaaz/1100,/anosr S PM10990
, PWROP g PWRIP100,/ETAFAN , L PMi1000

73



PERFORM

AVGPWR w PWROP/ENF AN

. MRITE(6,9303) SUMEKQ,ER,PWRIP,PWROP,AVGPWR,ETAFAN,ENFAN =~

LINECTY = LINECT,.S

2009 IF (Pwrl L1, 1,Ees) GO v0O 2081 et

cl"...'l

CousaVELOE ey 4DJUSTMELT CALCULATIONS FOR POWEReMATCHING WITH INPUT .

Ceass PUMER V34LUE ww DETERMINES APPROXIMATE MAXIMUM TEST SECTION VELOCTY
CasaoFUR THE SPECIFIED POWER |EVE|

C
' CALL FRICTN{DW0,20,EM0,8LMDACY

_PAGE. 23

PNtIOIO
pM1i020
PMi1030
pM1i04o
Pr110%0
PM11060_
pMiloT0
PM11080Q.
PM11090
PMifilon

voC a vyn
VO B VUu(PWAMCH/PAROPywatl /3,y S e
EMF 8 EMFayO,vOL

Emb ® EvOav0/¥0C . e

RHOSF = RHOT/(l.ogs-l.)lz.aEMFaaa)«n(t /(G-l ))

RHSO & RHnllt1.tLG-A.JlZ.yiyO*tzlisLL;LLﬁ-l 1) e e e
RNOC ® RMOSOVOXAQ/EMUT

Cattl FRICTN(DNQ.AQ E_,MQ‘SLMQAE

PMiliL0
pPMiti20.
PMitizo
pMilldo
PMiL1sSo
. Priting .
PMLLST0
N LSBT It

IF ¢IlU (EG, 1) PwROP = Ao-Vot*ltSUMEKoaSL"DAE«RﬁOSOnaalaLMDACaSO./ PMLILL90

| RHOSFJETAFAN __PMil200

IF (1U 68, 2y PwROP s Ao.vo.-s.sumsxo.SLMDAE.RuosOn«zlsLMDAC/11. Pmii210

1 /RAQSF/ETAFAn o o PM11220

IF (ABS((PYRMCHePWRUP ) /PHRMCH) GT, 1,E«6y GO TO 2009 PM11230

1f (1U“.EQ..11_VQK_!,y0a1.943& — pMiLR240

IF ¢Iu ,EG, 2) VOX 3 vow 59248 PMi1250
Q0 = RHQSOtVOitZ/Z. . PMiiden

IF (LINECT LT, (LINEMXej0yy GO TO 2010 PMiL270

10AGE ® IpaBEed o .. —_PM11280.

WRITE (6,900 ITITLE,IPAGE pPMyi290

2010 yF (iu .bg. 1) NR:TELb 9304) PWROPVO,VOKIEMO,00 pMi1300
1F ¢ LEQ, 2) WRITE(6,9305) PWROP,Vo,V0K,EMg,G0 PMi1310
2011 44 (IPRIMI «EGy Q) Gp Yo 2014 _m_,_,~¥___m__ﬂ___,"m__rmw*___“__‘A_leliznv
Covennny PM13330
CooeaCIRtUlr summany CHARACTERISTICS PAGE OUTRUT PMI1340 .
Coons LEFRR LT
LINECtqnwiaauﬂm___m‘“wm_mu_ﬁ" R - — — Pui11den .

DO 2A13 1 3 §,N pMiidvo

IF ¢ INECT o T L INEMX) GO TD 2012 £M11380

lPAGt s IPAGE,] PME1390
wRITE(6,9001) ITITWE,IpPAGE _ — pM1idon

wRITE (6,940 PMELdL0

1F (LU 2EQ, 1) WRIYE(6,9402) pMil42o

IF ¢Iu _EG, 2) wRITE(6,9403) pPmM11430

_ o LINECT. a 15,m__v PMild4n
2012 WRITE (65,9400, I, SSUMELrI,,SMAcH<I),ssunxocx,,oELch) PML1450
. LINECT :_LLrLCle e e PM11460
2013 CONTINUE PMiLETO
2uid IF ¢IPLOT EG, 0y GO TO 2045 . . . Puyyd4se
Coasovnnnee PM13490
CouadCIRCUIT SUMMARY CHARACTERISTICS PLOT(8) PMiiS00
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e PERFORE .

Conn
T CaLL PLOTITE: DELP,SSUMEL,SSUMKY,TusIPLaT, ITITLE, TRETRN,PLOTON)

C.Qn.!"'!i

Cll;ui”“oTATﬁ“ TaBULATION OF INPUT DATA CANDS. FOR. CURRENY CaSE.
EOIS IF (TLISTI .61, leE%0 _onRa TLIST 4LT. e by CALL DATACK(3)

F‘OOO'OGQIOO

ConeeENLaUF=CASES OR RETURN CHECK.

Cavse
YTt wRITE(e,9007) ITITLE . .
IF (TRETRY ,GT, 14E=b) Go Th 100
IF (TReTRN | T ..s; GO 10 g2 e
STnk 1866
i

ri*tkt*i‘*t*ﬁ*t*ﬁﬂ*it*ﬁ***ﬁiﬁi******iti**tiii*iit**ﬂ****iti*itﬁit*lﬁt*t*ﬁ

C.lnll‘l..llllliob;u.*..__... [T . —_

CaelMpuT READ Fap™matTs

C s 8 i
$080 FORMAT ra1,1944,43)
Tuot FORMAT fIa aly, ux 8FS 2
7002 FukmaT (213,211,282,00 13;5 2,
Cavesoresrrapoenannnann ..
CoaDUTPUT FORMATS
e

LR | . e e o [
C.onooooon

C..,.;hRPOR”AVCE INFORMATIUN LABELLING AND Optpur FORMATS

‘3280 FORMAT (1H1//20%, A%, 19A6,A3, 13X, 4RPAGE, 137/
1 2&x,944, 24w *IND.TUNNEL PEQFORMANCE/)
9301 FORMaAT (1H1//5x A1,1944 A3 6x 160, CONTINUED, o2as6X 4HPAGE,]3/7)
9502 FURMAT ¢24m aTwBSPRERIC’ paéssuae x ,F6,3,15H A?MUSPHERES s ,F9, t,

_BH M/Su M o . o o
27~ TEST éec?:ow CONDITIONS we /

2im  TOTAL PRESSURE 8 ,F6,3,15m ATMQSPHERES 8 ,F9,1,

AH N/8G My

24" TnTAL TEMPERATURE = ,Fe W2,9H DEG C & F7,2,7H DEG K,/

Ty X o>

nm

15k VELOCITY & ,F7,2,9R M/SEC s ,F1,2, 26m’ KNOTS DYNAMIC PRE

GSSUQE £ 4 FgepegH N/SG M, /)
9403 PURVAT (24N AT. GSPHERIC PRESSURE 2 ,F6,3,15H ATMOSPWERES = .FH e,

a 0A L9789 FY,/ e
R 27+ TEgTY SECTIUN CGNDITIO\JS L1} /
C 21r TOTAl PRESSURE w ,Fb,3,15H ATMOSPHERES 8 ,F8,2,
D 10n LR/SG FT,/
Foopum TotAL TEMPERATURE = ,Fe,2,9H LEG F = F7,2, 7H DEG R,/
Fooy5N VELOCITY = ,F7,2,10M Fr/séc s F7,2,28% knoT DYNAMIC P
6«ES$URa 8 ,Fl42,10H La/&Q FT.7). .. . e e

004 FUpvatr ¢120M NO,  gECTIONM TYPE  gHAPE Wt w1,01 AREAY
A Ay/An AR, CR 2 TrETA vy MACHY . . LENBTH  oPF/GL. . . DP/WO
@ / 34w, 33 M2 wg, D2 AREA2  A2/40 ,1i7¥,
€ 224 2 MaCWp .y - e

PAGE 24

PM11S§i0
Pni1520
Pe11530
Pmit1Suo
PH11558¢

. PM11560

PMi1970

- Pmil580

PM11590

.. Puiibgo

Prmitelo
Pr1ie2o
Pm11630
pPrMilédo
Pr11650
129 8% -1-1¢]
Pr11670
Puliélo

CPMif6%0
PM11700

Puii1710

. Pr11T7R0

pML1T30
P411740
Prig750
Pm11T760
PM31770
PrwitiT80
P»{1790
PM11800
PMIL&L0
Pvi1820
Pr11830

Pxil1840

Pvw11850
Prii8e0
PMi1870
P41l1880
PM11890
Px11900
P411910
Pmi1920
Pu11939
Pm11940
PM11950
pPM11960
PM11970
PMLL19R0
Pr11990
pPMi2oo00

75




- PERFORM . ... PaABGE 25
9005 FORMAT(28X,26H METERS  METERS 80 M, 17X, B2WpEGREES mySEC PMI20L0

A METERS /120M ¢¢ FLLILIIIITYTY $9Bug gwmmay swmmwy  PM12020

-] PELY P YT POEY T Y sroman, oy smmey ¢mmon,y smouy PM12030

£ _¢euees ) . e e . ._Pui2o4y

9006 FORMAT (30X, 26H FEET FEET sa F7 s 15%,31MDEGREES FT/ PM120S0
ASEC FEEY 7120M 44 PEYTTYY YT T T PO L1 I Y L 2 % PM12060
hees, oy ¢TPE,  4Pmm, Lesmss, 4PBeay  4eEe smavey ¢ Pv12070
_Comey donmy ) e .. _Pmigos0

9007 FORMAT (/76K wx 1,AL,19A4,A3,34u1 CAgE COMPLEYTED OR TERMINATED, == PM12090

a_ ) e e e e PM3RY00
couooocuocn pPmicdlio
CooeaBUmnaARY PERFURMANCE { ABEL L ING AND QUTPUT FORMATS B _PM1§120
Cose PM12130
_ 9300 FORNAT (94X,BHeceevans/68X,26H YOTA| CENTER, INE LENGTH = , FB,2,  PMIZ140
A TH METERS) PMi12i50

93n) FORMAT (9uX,BHwewewena/a8X,26H TOTAL CENTERLINE LENGYH = , F8,2,  PMiRi60

A sH FEET PMi2LY0
9302 FORMAT (23HOPERFORMANCE SUMMARY na/ — e . PM1g180
A 3%,30H TOTAL PQRESSURE LOSS (DP/g0) =,F8,5,6x,14HENERGY RATIO 8, PMI2190
B F1.3/ . . PM3 220D
€ 4X,14T0TAL POWER ww/ PMi2210
oD _120H INPUT TO FLOW QUTPUT REQUIRED . AVERAGE PER_FaN PMig22o
£ Fan EFFICIENCY TOTA; NUMBER oF Fan$ / pvi2elo

. .F__F15,0,6H %aTYIS F13,0, 6H WATT! o0, 6M WATTS F11,2,9H PERCENT, _PMi224V
G Fi6,0) pM12250
9303 FORMAY (23HQPERFORMANCE SUMMARY we/ o PMy2260
5 3X,30M TOTaL PRESSURE L08S (DP/Qoy =,F8,5,6X,14HENERGY RATIO =, PM12270

B _F1.3/ B e PMi1gése

C 4x,14n70rAL POWER we/ PMi2290

. _ D {2qH INPUT TO FLOW _QUTPUY REGUIRED . _ AVERAGE PER FaAN PM12300
E FaN EFFICIENCY TOTAL NUMBER OF FaANS / Pri2lio
..k F1S “!__ﬁﬂleitQtﬂﬂ__ﬂggglgfn 4N WP, Fi3 2 9H PERCENT,Fle,0) PM12320
9394 FORMAY ¢, /35X sorMakinum vELOCETY FOR o SPELIFIED POWER CONSUMPTI PMi2330
AUN //746H THE MaAXIMUM TEST SECTION FLOW ACHIEVABLE wlITH,Fi0,0, _ PM1R2340

B g6N ~aTTS nfF PowER AVAILABLE I8 APPROXIWMATELY A8 FOLLOWS wa/ PM12350
______Q__Li1fllﬂ_!éLQLlll_gs_,Lﬂ,zggﬂ_!Lﬁgg,!,EQ,A,QE_ABOJ§/ ... .. Pwid3e0.
D 18x,164 MACH NMBER we ,F5, 2/ P¥12370

€ 15X _2im™ DYNAMIC PRESSURE o2 TH NgSG@ My . pmiedso

9305 FORMAY (/7+35X,SonMaXIMUM VELOCITY FOR a SPEC;FIED POWER CONSUMPT]Y PMi2390
ACN /7dpm THE MaxIMUM TESY SECTION FLOW ACHIEVABLE wWITH,F840, .. . . PM1€400

B S52n HOQQEPOWER AVAILABLE Ig APPROXIMATELY aAg FOLLOWS ew/ PMiREY0

€ 1SX,43H VELOCITY ew ,FR,o,99 FT/SEC =,F8,p,6H kKNOTS, . PmM12429

D 15x,16H MACH NUMBER ee ,FS,2/ PMi2430

E_ 15X 214 DYNAMIC PRESSURE ew ,F7,2,9M LB/SQ FTY . . . . PHi2440
Cn'o'oo [X] Pr12450
CossalIRCOYYT SUMMARY INFORMATION PAGE FOURMATS . .. PMi2u4e0.
Caes PME24T0
9400 FOuMAY (2Sx,15,FP17,2,F14,3,F18,S,F17,8y . __ } . . PM12480
Qdnl BURMAT (38X,44kH WINDeTUNNEL CIRCUIT CHARACTERISTICS SUMMARY/ PMLIRYGO
e A __40X,40n taKEN AT DOWNSTREAM END OF EACH SECTION// o pPMi2So0
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I _PERFORM . ... . PaGE 26

A &5x,71M SEcTION CUMULATIVE MaACH CUMULATIVE PM1E2580
€ wall pRESSURE, PrM12%20.
n 25X, 7{HASSIGNED CIRCUIT NUMBER PRESSURE PM12530
e B __DIFFERENTIAL, -PMi2540
F 25X, T{HSEGUENCE LENGTM LOSS PM12S50
.G (aTMOIPHERIC Pui2Se0
M 89X ,27H¢NR/QQ)Y e INTERNAL)) PML2STH
9402 FQE”‘TAJESX 10H METERS _PM12580
A N/SG n ¢ PMi2%90
B _25%,]lHsememens P TTTY TIPS deumyy avseneeamy  PM12400
C ¢ovmecncenned/) PMmicdlo
.9403 ForMAT (2Sx,70HM _FEEY Pr12620
A LB/So FT ¢ P»12630
3. 254, TiHynenoon,  ,evesesen, = ,ewvs, goomcnenny  PMI2640
C ¢ovmnomusansy/) PM12650
Cossssssnes PMiZ2aa0.
C....ERRnQ-DIAGNQSTIC MESSAGES AND FpRMATS pPM12670
_PMige8o.
$§ou FORMAT f1W1) PM12690
9503 FORMAT (/118" 44 DUE TO ERRORCS, IN INPUT CARD(S8), VaLID SUMMARY PM1R2700
AINFCRMATION 18 NOT AVALABLE, FER To THE TABULATION OF INPUT , PM12710
. RA_ t29H DATA ON ruémfoLLowaG PAGES, CORRECY THE ERROR(S) AND PMiRT20Q.
T C RESUBMIT THIS CaSE’. SUBSEQUENT CASES WILL NOT BE AFFECTED,) PMIQTS0

9502 FOR™aT (,y10% TITWE (1,A1,1944,A3,27H1) IS INCORRECT OR IMPROPER/ PM12740
4 120M ag IY EXI18TS, THE FIRST CARD COLUMN MUSY CONTAIN AN ASTER PM127S0

B BISK (wy TO gE IDENTIFIED AS A VaLID TITLE CaRD /. PMie760
C 28H THys CAsE wiLL HE 8k PPED /) PMERYTO
9503 FORMAT f/s3un maSYER CONTRAL D X, 7F5,2,61Hi) I8 INE PM12780
1ORRECT OR IMPRDPER AS 17 EX srs. THE FYRST TWg CARD/ PMi2790

. 1208 COLUMNS mUST cONTATN s NEGATIVE NUMBER (a1 Y0 =9) T BE 1D PM12800
CENTIFIED aS A VA ID HASTER CARD THIS CASE wILlL BE SKIPPED,/) pPMi2810
95p4_FORMAT /1174 MORE THAN ONE MASTER CONTROL CaRp EXISTS FOR THIS. PM12820

A CASE QR ynPUT CARDS ARE OUT oF QRDER, CHECk DECK SETeUP, / Px12830
__““__EN_Jiﬁ___l_i_LAil__AiTEM_LARQ_LNCQ!EIERLQ__LLL_BE_Aﬁﬂuﬂiﬁ_AB.IHE_CD_Pmiééﬂn
CKRECT MASTER CARD FOR THE SECTION CARDS wWMICH FOLLOW, /) PM12850
95405 FOR"AT_ilgz___M,Llﬁuﬁ_kirll ON_THE_NUMAFER OF SECTIONS (,13,60H) HA PM1Z2RA0.
48 BEEn REACHED, EITHER A CASE TERMINATION CARD HWAS BEEN OMITTED, PM12870

C_ 1204 (ALONG wITH TITLE anD MASTER CARDS YO BEGIN A NEW CASE) OR PMi2880

D THiS CaSE 48 Tao LONG FOR THE PROGRAMMED A (OWABLE NUMBER / Pr12890

B __S9H OF SECTIONS _THE CASE HaS_DEEN TERMIN _THIS POINT /) PM12900.
9596 FORMAT ¢,118H uaSTER CONTROL CARD MAS BEEN ENCOUNTERED BEFORE CAS PM12910
4E TERMINATYON #ND TeTL € CARDS, CHECk DECk SETeUp, /1. PM1g920

R 120W EKRRORMESSAGE TITLE WILL BE GENERATED AND SUMMARY OUTPUT, PM12930
CNOwPLOT, INPUT DaTA TABULATION AND NEXTuCASE RETURN / I T I T

N oyyM YERMINATION PARAMETERS WILL BE aSSUMED ,/) PME2950
9507 FORMAY (/60H ww NOTE we TEST SECTION. BLOCKAGE FROM SECTION CARD I PM12960
AnPUT (sF5,3,49n PERCENTY O0O0ES noT EQUAL THAT QF THE MASTER CARD/ PM12970

- ,amMaﬁ_1ﬂ£Q1_1+£5+3+1n3ﬂ_3£3CENY%, CHECK DATA DECK, SECTION CaRD v PM12980

aN

CALUE WIL| BE ASSUMED a8 CORREC D EXECUTION WILL CONTINUE, y PM12990
_.9508 FURMAT. (/147W oo ALTHOUGH VELQCITYQOPTIMIZAYION WAS REQUESTED AY.  PM13000
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_PERFORM PAGE. 27

ATERMINATION CODE, THE INPUT POWER VvALUE 18 ILLEGAL (LESS THAN OR/ PMIIO0L0

B _120H EGUAL TO0 ZERQ)  THEREFORE, NO VELOCITYeOPTIMIZING I8 PO _PM13020
CsS1a E, RECHECK INPUT VALUE ON MASTER DATA CARD, ) PM13030
—_9509 FOR» '4.A_T_U_LL5!:1_u___E__QB_LaQﬂE_ INCORRECY COMMINATION OF INPUTS QR _PMI3040
AUNANTICIPATED SITUAT:ON HAS CAUSED AN INVALID (NONwPOSITIVE) / pmi30S0

ﬁé 319H TOTAL LO8S LEVEL  RECHECK SECTION 13,12W INPUT DATA.Z) PM13060

Nn PM13070
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DATACK PAGE __ § .

SURROUTINE DATACKINLIST) DK 10

AN A AR RN A RN AR R RN NN RN AR AN NN NNR R AR AR AN AR N NRARRA R AR ARR R KRNI AR R AR ARy DK 20
Cttt**tt***tttﬁtititittt*ttt*t*ttttiattﬁttﬁt*tihttﬁﬁtﬁt*ttitttktltttittt DK 30
THIS ROUTIN HE MaIN PROGRAM PERFORM, CHECKS FOR _ pK 40

C ERRORS IN INPUTS OF M‘STER CONTROL CARD AND SECTION CARDS, AND, IF Dk S0
€. REGUESTED, 1T cONTROLS THE ASSEMBLY AND PRINTING OF THE ANNOTAYED DK 60
C TABULATION QF THE INPUT INFORMAT!ON DK 70
Wg*ttttttttithtttﬁtﬁitiﬁﬁtt*lttn*i*ﬁiilttlttiﬁtﬂﬁitntitnﬁatiitﬂttti*t*ttﬂ DK 80
AR RN AR AR A AR R AR AR AR RN ANAR RN AR AN AR R RARRNRRANR N AN RARNARANARNARNRRARANS DK 90

CQMMONlﬂLﬂﬂnllliﬁﬁ,lQEABLYLQHAPRAN pK__ 100
COMMON/BLOCKB/DATA(16),3TITLE(21),IPAGE, IPLOTY, IPRINT, ISEC,ITUNNL, DK 110

———— Y IU;L1NEcl;LlNE_l;Eﬁ&l;ilﬂﬂﬂ-;lLlll4lL1§Tx TRETRN nk__ 120
DIMENSION EvDAYA(13),EunRIT(26),ENDATA(DO, 20) ENWRIT(40), DK 130
1 ETNRLl41214ﬂ£_§§ﬂLl11;ﬁQAlAi§J+M ORM R e pK_ l&0_
2 NCHECK(30r,20)sNDATA(30,4)sN ORMTtaz>o NRITE<8) DK 150
—Loses sas DK 180
Cooy 0aJECY.TINE FORMATTING ARRAYS oK 170
Coe. pK__ 180
OATA MLEFT NLEFT TAFLD2, IAFLD4, IIFLOS IFLDO,IFFLDO,IFFLDS,IFFLDR, DK 190
1 1FFLDY 1FFLDG, fcomma tsPace, bspacy fRIGHT) pk_ 200
2 4M19Y, 4K ,JHAZ,,SHAU,,zHIS aHfS 0,4HF6,0,umF6,1,4HF8,2, pK 210
3 uMFb, 3 4nFe.4. 1H..AH.1x,.3u1x..2H/\/ DK _ 220 .
Cco-o-o DK 230
CaanoINAUT TABULATION ANNOTATION MESSAGE ARRAY (INTEGER VALUES) _DK__240
Coss pK @50
... . DATA _IBLNK2, IBL KA, IMRGE,INSGE, IM MsGH4 1ﬁ!ﬁg4lﬁiﬁl#______nﬁ._lhq_
{ IM8G68,2HM , UM , &H E 4HXTRA, 2H t 4MRRN ZH 0,4MPTIN,2H E, DKk &7o
2 uWMPTY, , pK 280
coooo!! DK 290
c...;IN MMMRMMML
Cos DK 310
___ DATA RBLNK2 RBLNKG,RMSG],RM8G2 ng_§;+g_§5 RMSGS,RMSGE,RMEGT, pk__ 320
1 RM§GB/2M ,uH y21 E _U4WXTRA, 2N E UHMRROR, 2H o,aHPT'N 2H K, DK 330
2 _4HMPTYy oK _ 340
C-nono XX pK  3%9
CanttFEANINATION CARD PARAMETER TRANSLATION ARRAY o 360
Case 370
o __DATA Y TﬁﬂwMgLMM_M_M
t TH8G9,TM8B14,TMSG1),THSG12,TM8G613, 390
R B 4“!E§_4_H__Q_4ﬂﬁﬁQﬁl;ﬂﬁ__EQLﬁ_it_L4ﬂﬂQ§§_LﬂﬂQﬂi;;ﬂﬂ_ﬁJL4ﬁHL PR, DK 400 _
3 UPHESS . UMM UHSEN)  UH(FOR)UNCEDY/ D: 2;0
LA‘A‘A‘JIIA n o
Conva TRANSFER TO APPLICABLE SECTION OF SURROUTINE we DK 430
Gea_______PART { ¢STATEMENT 1000) FOR MA8TER CONTROL CARD CHECKeOQUY DK 440
.o PART 2 (STATEMENT 2000) FOR SECTION CARD CHECKeOUT K 4S0
Lan PARY 3 ¢STATEMENT 4000) FOR OUTPUT TARULAYION OF INPUT CARDS DK 440
DK 470
0 Y0 ¢1000,2000,4000y, NLISY DK 480
¢ DK 490
A ITIRIITTITE l11!!1111131ljljjjjjjjjllllli_nﬂ_"snQ_
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DATACK g.gg F]

Cevannovnnsnasnnes pKk  Sio0
Co.DEPINTTION"OF "M 8%ER CONTAOL INPUT REQUIREMENTS ne oK §20
Case CODE 10+ INDICATES INPUT WHICH IS NOT REQUIRED FOR ANY DK 530
c PURPOSE AND WHICH MAY BE OMITYED FROM INPUT CARD DK 540
Cus CODE '4t INDICATES MANDATORY INPUT DK 5%0
Loa— CODE +2s INDICATES OPYIONAL INPUY WITH QEFAULY PROVISION 0K 560
Cea CODE 131 INDICATES NONeREQUIRED, CONVENTENCE INPUT OR DK 370
c OPTIONAL INPUY WHICH MaY BE CORRECY A8 2PRO DK SB0
Cone pK 590
CAll.AAl“- hx4.m_
Couss INTEGER DATA DK 610
Lo pK 620
1000 MDATA(1) & T8EQ oX 630
o MDATA(2) & ITUNNL DK &40

MDATA(3) = v pX 650
MDATACYY @ ISHAPY DK 660
MDATA(S) 8 (8HAPQ DK 670
Coserstores . K 680
Coea R l8iTING POINT DATA DK 690
S pk___ 100
DO 1001 I = & oK 1190
EMDATA(Y) = olnu.n nK__ 720
“1o001 CONTINUE ; oK 730
Connsnnnnns P2 ? DK _ 740 .
Coene INPUT REQUIREMENT nEFINITIONS e oK 750
Cann . c __DK__ Y60
00 t002 I = ¢,13 . pk 770
. MCHECK (1) = ¢ ——— DK 780
"1002 CONTINUE DK 790
. MCHECK 2 _.0K.__B00
MCHECK( 5) 3 nk 810
o 1F ¢18HaPY uL_u_LimuJuJL, __ e ____. DK B20
MCHECK¢ 8) & 3 nk 830
S MCHECK (10) 8 3 _nx . _840..
MCHEC((11) ® 2 nKk 859
MCHECK (12) ® 3 DK___860..
MCHECK(13) & 2 pK 870
- _DK___A80..
St H LR TRPUT ERRORLCHECK DK 890
Loase S DX.._ Q00
Do 1003 s {,8 DK 910
. 3F_onewelk 1y  NE, 0 ,aND, MDATA,l) LEG, 0 LAND, TLIST ,GT,. "3 K. %20
1 TL!ST ] ..5 030
___1F (MCHECK D) 6@, 1 ,AND, MDATA,l) ,EQ, 0y TLIST ® o3, . . .._._ ux 940
1603 CONTINUE DK 9So
Cossas _ DK Q60
Cue UNITSeFuMEASURE ERRNAR DETECTIpN DK 970
Cee —— N e DK 980
EMERR & 0,0 DK 960
1s_ ((Llﬂ-i;mglu:233_1£ﬂ*_n4"ﬁﬂ_lﬂuL00ﬂ“ _____ - -.DK 1000
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e e DATALK —.PAGE___ %

WRITE(6,8006) ITITLE,IPAGE nK 1030

. ¥RITE(b,8002) IU o . DX 1020
LINECT = & nK 1030

e VI W] —DPK_ 3040

EMERR = 3 pK 1050
1008 IF uc_l_emu,mgum_z)uLLML-M,m_nuLmu_ DK 1060
IF (EMERR ,6T, 2,5) GO To {o00S DK 4070

L “RLTLLQ;QQ_O_QA ITITLE,IPAGE . ... pK fo8o
LINECT = 4 oK 1090

e EMERR ® 3 DK 13100
1005 WRITE (o, 3001) I8maAPY nkK {130
_<_"L1N££J_1_L1_E£l¢l ... .DK 3320
TLIST » W3, nk 1130

1000 4.4 (((ISHADZ-I)tJISHAPEOZ)t!ISHAPZ-llj oNE, 0y YLIST & o5 DK 1140.
pesssege nk $11%¢
€003 083 NG POINT INPUT ERRORecHECK oK 1180
Caoe nKk 1370
._Db0 1007 1 = 6,13 . DK 31180

IF (MCHECK (1) (NE, O LAND, ABS(EMDATA(I)) oLTe 13Eeb JAND, DK 1190

1 TLL&l.,ﬁlf_;,it_lLlil ‘. __ DK _jg00.

IF (MCHECK Iy EQ, | ,aND, ASS(EMDATA(I)) LT, L,Em8) TLIST & -!. Dk 1210

1007 CONTINVE ...DK_i220
Ir (TLIST ,GT, 2,5 ,OR, TLIST LT, 3 +5) RETURN DK 1230

WRITE e, aooo; _DX_1240.

IF (EMERR 1 T, 2,%) WRITE(6,8008) IVIT E,IPAGE oK 1250

N _IF (EMERR .G, 2,5y LINECY » LINECTH4 DK_1260.
IF (EMERR LT, 2,5) LINECT ® ¢ pK 1270

o REYURN . DK._1280
c nK 1290
Camannn _gz_zgaagggzgagaa;xxsax;a;;xnaxx:nxn;sg;x;;g;gag;ggssggggaggaggazmnnulloQn
Conennne .oooooo "oy pK 1330
CooQEFINITION'OF'SErtroN INPUT REGUIREMENTS pK_1320
Coo CODE 10+ INDICATES INPUT wWwHICH I8 NUT REQUIRED FOR ANY 0K 1330
Coo- PURPOSE AND WHICH MAY BE QOMITTED FROM INPUT CARD DX 1340
Cos CODE #49 INDICATES MANDATORY INPUT DK 1350
Cos. .. CODE 121 INDICATES QPYIONaAL INPUT WITH DEFAULT PROVISION DK 1340
Cose CODE 31 INDICATES NONWREQUIRED, CONVENIENCE INPUT OR nK 1370
Coor o OPTIONaL INPUT WHICH MAY BE CORRECYT A8 ZERQ DK 1380
Coos DK 1390
_..2000 SERROR » 0 0 e . .-DK _$400
Coonvennnes DK 1ég0
Coo iN¥EGER DATM . pK_ 1420
Cose DK 3430
e NDATAgN,1) w JSEQ nK 1440
NDATA(N,2) ® ISEC 0K 1450
NOATAIN,3) ® 18MAPY — DK _§de0.
NDATA(N,4) 8 IgHAP2 DK {470
,c;AA-AAA-A- DK-‘Q‘O
CenasFLOATING POINTY DaTA DK 1490
Lore .. .DK_1300.
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DATALK PAGE i

Do 2004 3 = S,20 pK 1510
ENDATA(N,I) u DATA(Iwd) pK_§$520
2001 CONTINUE DK 1530
Cototossos oK _{S40
Cospe GENERAL INPUT REQUIREMENT DEFINITIONS pk 1890
Coee pK 1560
Do 2002 I = 1,20 bK §570
NCHECK(N,I) 8 0 DK {980
2002 CONTINUE oK 31590
2 Di_{600
NCHECK (N, 2) ® ¢ DK 18640
NCHECK (N, 3) 8 ¢ ] nK §620
NCHECK (N, 4) & oK 1630
1P (I8MAP1 NE_ 1) NCHECK(N, 7) & DK 1640
NCHECK (N, 8) » | nk 1650
1 DK 1860
IF (lamap2 (nE, 1) NCHECK(N,10) = pK 4670
NCHECK(N,14) ® | nk 1680
Cavonneo pK 699
c....secnw.rvpz BRANCHING _ . __ DK 1700
Cone pK 1740
1F (J8Ec ,EQ, 1) GO TO 3000 pK {720
IF (I8¢ ,En, @) GO vO 2020 nK 1730
IF (ISECc ,EQ, 33y GO TO 2030 Dbk 1740
IF (ISEC ,En, 43 GO TO 2040 o pK 3780
IF_(18Ec ,EQ, Sy GO 7O 3000 ... DK 1180
IF (18Ec ,Eu, 6y GO TO 2060 pK 1770
1F (18Er .EQ. 10) GO Yo 3000 e -DK 1780
IF (IgEC , Ea 20y G0 10 3000 DK 1790
1F_(18€Cc ,EW. 30y GO 7O 2390 .. __..pX_.1800
IF (I8EC .!0 32) GO v0 2300 DKk 1840
IF_(18Ec ,EG, 33y GO TO 233p ... DK_1820
IF (I18EC ,EG, 34y GO TO 2340 DK 1830
GO Y0 2400 e .. DK 1840
IF (1gEc ,En, 4%) GO 70 24%90 pK 1880
_ }F (18Ec ,EQ, u4éy GO TO 2460 ... DK 1880
1F ¢18Ec ,EG, Si) GO TO 2%i0 nK 1870
1F (186c ,EG, %2y GO To 2820 — _._.. DK 1880
1F (18Ec ,EQ, 83y GO YO 2530 DK 1890
1F _(18Ep .Eu, S4) GO TC 2949 . DK 1900_
IF (lqEC ,EQ, 86y GO y0 2560 DK 1910
_1F _18EC ,EQ, 87y GO TQ 2570 . ._.. DK 1920
NCHECK (N, 5) & 1§ DK 1930
__IF _(ISEC LEQ, 61y GO TO 3000 - S DK 1940
1F (I8tC +JEQ, 62) GO TO 3000 DK 19%0
_If_ £l§E£_4Eﬂ4_191_ﬁﬂ_lﬂ_llﬂﬂ,u____. e~ DK 1980
IF (lsEc ,EQ, 74y GO yO 2700 DK 1970
1F ¢I8Ec ,EQ, 72y GO TOD 2700 . . . DK 1980
IF (I8Ec .EG 73) GO TO 2730 nK 1990
1F cIskc. .En._rqlﬂﬁn_lnﬁzjao e nK 2000
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R e DATACK e e PAGE_ _ %
IF (18Ec LEG, 7%) GO TO 2740 nK 2010
o JF (I8EC LEQ, 84y G0 YO 2840 . DK _g020 . _
IF (I18EC ,EG, 85) GO TO 3000 DK 2030
— . 1F_(18EC .EQ, 8s) GO YO 2640 DK 2040 .
IF (ISEC ,EGQ, 87) Go To 2860 0K 2050
e IF _(1%EC LEG, 91) GO TO 2910 DK_2060
i1f (ISEC LEO, 92y GO YO 2920 DK 2070
e . IF_(18EC LEQ, 94y GO YO 2940 .._DK _R080
IF (ISEC ,EO0, 96) GO TO 2960 0K 2090
_IF_¢ISEC (EQ, 97) GO YD 2970 nK_ 2100
Conens DK 2110
- Lae . _INVALID BSECTION YYPELLODE MES§AGE b
Cov DK 2139
17 ¢LINECLT LY, (LINEMXw2)) GO TO 2003 DK_2140.
IPAGE » IPAGES nk 2150
WRITE(6,8111) ITITLE,IPAGE — DK 2160
LINECT = & pK 2170
2003 WRITE,6,8004) N .. DK_2180_
LINECT » LINECT3 DK 2190
SERROR ® w2, e __BK_2200
50 70 3003 DK 2219
Cotasopssse S . W 7-¥- 1 W
CeossSING EwDUCT SPECIA IZED INPUY REQUIREMENTS DEFINITIONS Nk 2230
I PO . _..._DK 2240
00000 DK 2250
...Cas. TEST SECTIONS s DK 2260
Coo DK 2270
e Lot ... DK 2280 __
Cae COMSTANTmAREA TEST SECTION WITH MODE DK 2290
. . be 2300
2020 NCHECK(N,12) = px 2310
e NCHECK(N,14) = 3 .. .. .pX 2320
NCHECK (N, 17) &8 ¢ nK 2330
— . NCHECK(N,20¢) ® 3 e DK R340
60 Y0 3900 nK @350
Cos Dk 2380
Cao DIFFUSING TEST SECLTION we EMPTY pK 2370
Cas ——_..Dk_2380
2030 NCHECK(N,16) ®» 2 DK 2390
G0_T0Q 3000 —— DK 2400 .
Cos DK 2410
— Ces NIFFUSING TEST SEcTION WITH MOpEL nx_g420
Cos oK 2439
2040 NCHECK(N,12) & _ . DK 2440
NCHECK(N,14) a 3 DK 24%0
NCHECK(N,16) & 2 DK _2Us0
NCHECK(N,17) = DK 2470
NCHECK (N,20) & 3 DK 2480
G0 TO 3000 DK 2490
Cos DK 2800
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DATACK PAGE 6
Cos OPEN=THROAT TEST SECTION WITH MOpEL pK 25910
Ces 0K 2%2)
2060 NCHECK(N,12) ®» ¢ oK 2530
NCHECK(N,$14) @ % oK _2%40
NCHECK(N,17) = 1 DK 2%50
NCM b 3
60 10 3000 DK 2870
Cosasas K l!ﬁa_
Cos CORNERS AND TURNS DK 2590
s DK 2600 .
Cae DK 8610
e NS TAN R RN w VAN DK 2620
Con oK 2630
__2300 MNCHECK N, 13) & ¢ .. DK 2640
NCHECK (N, {5) m DK 2650
e NCHECK (N, 16) & 2 ————_DK 2860 _
NCHECK (N, 18) = 2 DK 2670
G0 10 30a0 . ____DK 2683
Coo DK 2690
Lot CONSTANTLAREA TURN WITHOUTY VANES . __DbK 27090
c nK 2710
3330 NCWECKIN,15) ® 4 K 2720
NCRECK(N,16) ® 2 pK 2730
.60 T0_3000 .. ..DK 2740
Cosenyn DK 2780
Conoo e . BK_2760
Cos NIFFUBING cORNER oK 2770
Lasa N Dk 2780
2340 NCHECK(N,13) ®m | nK 2790
e _NCHECK(N,18) ® | ... DX 2800
NCHECK (Nyt6) ® 2 nk 2810
e NCHECK (N, 1R) B 2 - _ DK 2820
G0 T0 3000 NnK 28390
Lssess - DK 2840
Ces NIFFUSTION DK 2850
Loe . . S | 1Y Y
Con pK 2870
Ly nIFFUSER .. .DK 2880
Cea DK 28906
_R400 NCHECK(N,16) & 2 — _ - DK 2900
60 TO 3000 DK 2910
Loor o EXITQaFLOW KINEYIr ENERGY ... .DK 2920
Cos DK 2930
_ 2480 NCHWECK (N, 9) & ¢ - —— — DK _2940
GO Y0 3000 DK 8950
Coo — .- - e -DK a296¢
Cas SUDDEN EXPANSION DK 2970
Coe - R o - —_ DK 2980
2460 NCHECK(N, 9) 8 0 DK 2990
G0 .10 3000 8K 3000
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DATACK _ PaAGE_ __ Y.
Cl.nll DK 3010
Cas 'LON ﬂB_B_‘LRLLCYIONS —— DK SQEO
Cov DK 3030
Cos __.DK_3040
Cos HONEYCOMH THIN PLOW STRAIGHTENERS px 3050
Cou — - .--DK 3080
2510 NCHECK(N,12) ® ¢ pK 3070
NCHECK (N, 14) ® 1§ px 3080
NCHECK(N,18) ® 2 pK 3090
G0 In 3000 .. _DK. 3100
Csre pK 3119
_Coe AIRFOIL THICK FLOW STRAIGHTENERS ... DK 3320
Ce nKk 3130
___aizﬂ_NCHECKr&L12) s 2 - . DK _3ia0
NCHECK (N, 14) & | ok 3150
G0 T0 %3000 ..DK_ 3160
Coo pK 3170
..Caa PERFORATED PLATE —— . DK 3t8g
Cos bk 31990
2530 NCHECK(N, 9y = 9 ok 3200
NEHECK (N, 14) ®» { ok 3240
__GO Y0 3000 ... DK 3220
Cas nK 3230
Cas MESH SrREEN .. DK 3249
c.. DK 3350
2540 NCHECK¢N, 9) = o pK 3260
NCHECK (N, 13) = ¢ pK 3270
NCHECK(N,14) ® | —eee....DK 3880
NCHECK(N,16) & 2 px 3290
G0 YO 3q00 .. ..DK 3300
Cas nkK 331¢
~Caa INTERNA; STRUCTURE .. DK 3320
C, nkK 333p
2860 NCHECK(N, 6) ® . 0K 3340
NCHECK(N, 9) = 0 oK 3350
NCHECK (N,12) = § DK 3360
NCHECK (N,14) & 3 nK 3370
NCHECK(N,17) ® { . DK..3380
NCHECK (N,20) = 3 DK 33990
__GO 10 3000 DK 3400
Coe nx 3440
Cas FIXED, KNOWN LOCAL LOSS DK_3420
Cos pK 3430
2570 NCHECK(N, 9) ® @ __..._DK 3duo
NCHECK (N, 17) » | pK 3450
GO Y0 3000 DK 3460
clll...! 1 3 QK 3“70
Coao MOLYIPLELDUCT SPPCTALIZED INPUT REGUIREMENTS nEFINITIONS  _  px 3480
Caos DK 3490
PP DK _350¢
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DATACK PAGE 8
Can CORNERS ANp TURNS ok 3510
Lo . pK_3%30
Cos pK 3830
e CONSTANTAREL CORNERS WIYH VANES nKk 3840
Cov pK 3550
_ 2700 NCHECK(N,13) ®
NCHECK(N,1%) & | nKk 3870
NCHECK(N,16) & 2 DK 3%80
NCHECK (N, 18) & 2 pK 3%90
N GU 0 3p00 oK 1&3,0_.
Coo pK 3610
Coe CONSTANTLAREA CORNERS WITHOUY VANES DK 3620
Cas pK 3630
2730 NCHECK(N,1%) = 1| . OX_3640 .
NCHECK (N,16) ® 2 DK 3650
60 Y0 3000 nK 3660
Cos pK 3670
Coe DIFPFUSING cORNERS DK 3680
Cos DK 3690
2740 NCWECK(N,13) ® ¢ DK 3700
NCHECK (N,18) m pK 3740
NCHECK(N,16) ® 2 pk 3120
NCHECK(N,18) & 2 DK 3730
,,,,,, 6O T0 3000 pk 3t4o
Cavnerne nK 3750
_Cae nIFPUSION nK_3760.
Coo nK 3770
Laa_ e _...DK 3780.
Cos NIFFUSERY pK 3790
B _ e ——. DK 3800
3840 NCMECK(N,18) 8 2 PK 3810
GO t0 30090 _. e _ . bk _382n0.
Cse pK 3830
Ly SUDDEN EXPANSION e DK_ 3840
Ce pK 3880
2860 NCHECK(N, 9) ® o . bk 3860
G0 To 3000 pK 3870
Coanass _ . I 1.9 3880
Cos DRIVE.FaAN SYSTEM DK 3899
Laa s ——...DK_3900.
Coe DK 3940
Los. _ FaN _ANNULAR DUCT¢8Y . . . . . . ___ . .. DK._J392n
Cos DK 39390
2910 NCHECK(N, S5) ® 2 e - R e .. DK 3940
NCHECK (N, ) & 2 DX 39590
_ . _NCHECK(N,12) ® | e e e .. DK 3960
NCHECK(N,13) = DK 3970
CONGRECK N, 14y = 8 - _ .-DK 3980
NOHECK (N, 17) & DK 3990
NCHECK(N,19) = 2 . DK 4000
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- S DATACK _ _ . . PaGE. .9
NCHECK (N,20) = 3 DK 4040
.60 Yo 30900 e ... ..DK 4020
Coe FaN COMTRACTION(S) DX 4030
Laa_— e _._DK.. 4040
2920 NCHECK(N, &) = 2 nPK 4050
e NCHECK(N, A) & 2 e - - DK 4060
NCHECK(N,13) u pK 4070

.. NCHECK(M,14) = 3 IS _ _ .. DK 4080
69 TO 3000 DK 4090

[ FaN DIFFUSER(SY . DK_4100.
Cas DK 4110
__ 2940 NCHECK (N, %) 8 2 — nk_4i20
NCHECK (N, 6) a2 pK 4130
ACHMECK (N 13) ® S _pK 4140
NCHECK(N,14) = 3 DK 43S0

— . NCHECK(N,16) ® 2 DK 4160
60 YO 3000 DK 4170
Laente i _..DK _4180_
Cos FLOW DRASTRUCTIONS DK 4190
Coe _ . DX_4200 .
Cas nK 4219
oo INTERNAL STRUCTURE _DK_422¢0
Ca DK 4230
2960 NEMECK(N, ) ® 2 , ~ 0K 4240
NCHECK(N, 9) & O ok 4250

. NCHECK(n,12) ® | __ ___ DX 4260
NCHECK (N, 14) = 3 nk 4270
NCHECK(N,17) = ¢ . ——— . __DK _Hg80
NCHECK(N,20) ® 3 DK 4290

60 Y0 3000 —— K. 4300

Coe DK 4310
Lo FIXEN, KnOWy LOSS _. e DK 4320
Cos DK 4330
2970 NCHECK (N, 9) ® 0 e —— DK 4340 .
NCHECK(N,17) ® 1 pK 4350
Lasesasgses — —. DK 4360
CoveoINYERER TNPUT ERRORWCHECK AND SETTING OF ERROR FLAG oK 4370
e _ DK 4380
3000 DU 3003 I =f,4 DK 4390
1P (NCHECK(N,I) (NE, O ,AND, NDATA(N,I1) ,EQ, O _aND, _.DK _4400

1 SERROR 6T, «,5) SERROR 8 o,5 oK dato

IF (NCHECK (N, 1) ,én, 1 (AND, NDATA(N,I) ,EG, 0y SERROR = 42, DK 4420

3001 CONTINUE DK 4430
Cosatoonses DK 4440
CoossFLOATING,POINT INPUT ERRORLCHECK AND SETTING OF ERROR FLAG DK 44S0
Cooe e DK 4480
DO %002 ! & 8,20 DK 4470

IF _(NCHECK(N,I)  NE, 0 ,AND, ABS(ENDATA¢N,I)) oLT, 1.Ewb ,AND, DK 4480

{ SERROR ,GT, ®,%5) SERRUR = w,5 DK 4490

. __1F (NCHECK¢N,1) ,EQ, 1 ,AND, ABS(ENDATA(N,J)) LT, 1,Ewb) pK 4500
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DATACK RAGE 10

1 SERROR ® #2, DK 45190
__3002 CONTINUE pK &
Connns DK 4530
C.. INVALID SECTION SHAPE CHECK AND MESSAGE nK 4513_
oK 4580
..lﬁﬂi_ll_liil!ﬁAﬂl_lLLLLQEAELLRLILIIHAE1_14;_+£ﬂ+_n;_5n 10 3008 DK 4860
IF (LINECT LT, (LINEMX®2)) GO TO 3004 pK 4570
— 1pAGE = lpAGEef nK_4SBo .
WRITEcb,8111) ITITLE,IPAGE 0K 4590
wRIYE¢b,8007) oK 4600
1F (1U LEQ, 1) WRITE(6,8008) ok 4640
IF ¢IU ,EQ, 2) wRITE(6,8009) DK 6620
LINECT 8 o DK 4630
3004 WRITE,6,8003) N,18HAPY DK 4640 .
LINECT ® LINECT.3 DK G650
____SERROR = o2, _.DK _fi6en
" 3005 IF (((l!HAP?.l)a(ISHAPZ-Z).(ISHAPlnl)) £3, 0y GO 10 3007 DK 4670
e IF (LIN )) GO YO 3006 _DK 6080 .
IPAGE g 1PAGE DX 4690
_WrITE(6,8113) IvIeLE,IPAGE . DK 4700 .
WRITE(6,8007) oK &710
e IF (U EQ, §) WRITE(6,8008) DK _4720
IF tIU JEQ, 2) WRITE(6,8009) . Dk 4730
e . WINECT ® 9 . _DK 4740
3006 WRITEfb.QOOS) NolSKHAPR nK 4750
LINECT ® LINECY+) DK 4760 .
SERROR & o2, DK 4770
__ 3007 IF (SBRROR .GV, 1,3 GO IO 300% oK_4T780.
IF (LINEcT WLT, (LINEMXe3)) GO TO 3008 0K 4790
1PAGE n_l_Aﬁt.x . . DN 4800
WRITE(O,A188) SITITLE,IPAGE DK 4810
WRITEL6,8007) - - DK 4820
IP (IVU LFQ, 1) WRITE(S, 8008) ox 4aso
1F Iy .#Q, 2) WRITE(6,8009) oo, . DK 4840
LINECY m ¢ DR 4850
3008 wRITE(6,8005) A - DK 4860
LINECT m LINECT+) nK 4870
3009 IF (1LIgY ,G7, SERACR) TLISY = SERROR .. .DK 4880
RETURN DK 4899
_C eee ... DK 4900
Ctithti*itﬁtitﬁittttiiﬂttttttttt*ttt*ﬂtitﬁttﬂt*tttttt.ttﬁtt'it'ttt*ttﬂii DK 0910
— — DK 4920
fN’Eﬁ ’ABULA‘IBN OF INPUT DaTa WITH ANNOTATIONS A8 REQUIRED DK d93n
Cass U .} 0::0
Covenne DK 4980
CossolaBEClING OF MABTER AND TERMINATION DATA PaGE e BK 4980
t, on 4979
v “OOO.IE}GEA!,IEAEIAJ. .- - e .. DK 4980
WRITE(G,8300) ITITLE,IpAGE DK 4990
ARITE(h,8101) . e . DK_5000
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. - DATACK ... PAGE {1
IF IV ,e3, 1) WRITE(6,8102) nK 5010
. _JF _t1U_LEn. 2) WRITE(G,B803) .. _.DK %020
WRITE(6,8104) nK ;o!o
Loses . —_— - . DX $040
CosssDEFINITION OF MASTER DATA INFORMATIGN aND FORMAT ARRAYS DK 5050
Coose - —_ _ . DK S060
Cevnns pK 5070
Loa . INTEGER INFORMATION - R DK 5080
Con DK 5090
MEQRMTY 1) & M EFTY K 5100
MFORMT( 2) = ICOMMA DK S1go
—_ __MFORMT13) = I8PACY — ... DK %3120
MPORMT(3n) & IRIGHT DK S130
Iov = ¢ . _ DK _S140
10F = 3 nK S1%0
. Dp 4007 1= 3,8 . DK Sie0.
IF (MCHECK(I) ,NE, 0) GO YO 400} DK S170
. MWR]ITE(IOV) m IBLNK2 - ..DK 9180
MARITECIOVLL) = IBLNKY pK 8190
—1F mDATACL) oEQ, 0) GO TO 4005 Dk 9200
wWRITE(IOV) » IMBG1 oK 5210
MARITE(IOVSL) » 148G2 DK S220
GO TO 4005 0K S230
_ 4001 IF (MCHECK, Iy ,EQ, O ,OR, MOATApl) ,E0, Q) 6Q Y0 4pod = __ oK 5240
MWRITE(IOV) g MDATA(I) nK 5250
10V m 30Vel — B DK 5260
MFORMY(I0F) = IIFLDS DK $270
MPORMT(70Fel) » ySPACC — - .. . .DK 3280
60 TO 4oge DK S290
__4o002 1F (MCHECK N OR, MDATA(I)  MNE, 0y GO Tn 4003 . _DK 3300
MWRITECIOV) & IM8G3 pKk 5310
KWRITE(I10Vel) ® IM8GY _— - DK %320
60 TO 400S% nK 5330
4003 IF (M K N R, MDATACI) .NE, Q) GO TO 4004 _  _ . _ . ok 9340
MNRITE(I0V) & IMAGS DK 5350
. MARITE(IOVely) ® IMSGS e e ... DK 95360
GO TO 4008 DK 5370
4 MWRIY v 1867 . _. ...DK %380
MARITE(I0Vet) » IM8GS DK 5390
4009 10V = 10VeR —— DK 9400
MPORMT (JOF) = IAFLD2 nK S4g0
— MFORMT ¢ 10Fe1) m IAFLOD4 — pK 9420
4006 JOF » I0F.2 nx S430
4007 CONTINUE ——— .. DK S440
I0F » I0F,y pK 5450
I0vI m T0Vel —_— .DK.9460._.
IOVR = I0VIag DK $470
Lonese o DK 8440
Cos FLOATINGePOINT INFORMATION nk %490
oo DK _9%500.
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RATACK PAGE 42

DO 4014 ] & 6,13 DK $510

1F (MCHECK(IY ,NE, 03 GO TO 4008 pX_SS20

EMNRIT(IOV) s RBLNK2 pKk 8530

EMWRITCIOVeL) o RBLNKY pK_$849

IF (ABSCEMDATA(I)) JLT, 1oEwe) Gp YO 40t2 oK $5%¢

BMWRIT(10V) n RMSGY pK_5%60

EMNR!Y(IOV¢I) s RMS8G2 nK 5870

0 10 4pnt2 pK 8580

4008 IF (MCHECK.I) ,EQ, 0 .OR. ABS(EMDATA(I)) LT, 1,Em6) GO YO 4009 DK 53990

EMWRITC(IOV) n EMDATA DK 8600

10V 8 [OVel nK 5610

Coestose DK _$620

Coe DATAMAGNITUDESCONTROLLED FORMATTING DK 5630
[ [s1.4

MFORMT ¢ 10F) a IFFLDO DK S6S0

1P (EMDATACI) LT, 1000,) MFOQRMY(JIOF) o IFFLDY pK_S660

IF (EMOATA(Y) L1, 100,) HFQRMT(IQF) s IFFLD2 oK $67n

. IF (EMOATA(Iy ,LT, 19.) MPORMY Fy s IFFLD3 DK 5680

IF (EMDATA(IY LT, 1,) MPORMY¢ F) s IPFLDG pK 9690

. MEQRMT J0F41) & JCOMMA nK_8700.

GO T0 4043 pKk S7§0

4009 IF (MCHECK(I) LNE, § ,OR, ABS(EMDAYA(CI)) ,GY, 1,reby GO YO 4010 nK 5Y20.

EMwRIT(I0V) » xM8G3 Dk 5730

EMRRIT(IOVel) & RM8GY pK 5740

60 10 4ni2 oK $7%5¢

4030 IF (MCHECK, Iy ,NE, 2 ,OR, AB§(EMDATA(I)y ,GT, {,Ew6) GO YO 4014 DK 9760

EMWRIT(IOV) u RM3Gs DK %770

e EMWRIT(IOVe1) » RM3GH .. DK_57840.

GO 10 4ol DK 8790

4011 EMWRIT I0V) g RMSGY _ DK _5800_

EMNRIT(IOVel) s RMSGS ox %810

4p12 10V w I0QV,2 B} DK 5820

MPORMT ¢ 10F) » 1AFLD2 pK 5830

MEORMY(T0P¢l) » IAELD4 _pDK _S84do.

4013 10F 8 I0F,2 nKk $889

4014 CONTINUE _— DK 8860

10V & I0Vel pK 5870

WRITE 0,MFORMY) (MWRITE 2),1 ® {,10VI), (EMWRIT¢1y,] ® 1OVR,I0v) DK 5880

Cosnvesnnne DK 5490

Lasges DEFINITION OF TERMINATION CONTROL CODES ____DK. 5900

Cavs pK 8910

I PP PP U ] DK $920

[ SUMMARY INFORMATION PRINT nk 8930

[N ) e DK %940

ETWRIT¢ 1) ® TMSG2 . DK 5950

IF (IPRINT ,NE, Q) ETWRIT( 1) & TMSGL _. —- —DK 3980

Covens pK 8970

Cotor . SUMMARY PLQTS e DK 5980

X oK 8960

. LF (1PLOT ,NE, 0).G0_TD 403S . . ... .. . DK 6000
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e e DAT ALK _ — .. PAGE 3
ETARIT( 2) = RBLNKY DK 6040
ETwRIT( 3) ® TM8G% . . . DK 020
ETwRIT( 4) @ RBLNXY4 DK 5030

e @O YO _ M40t — e, . DK 0040
4645 IF (IPLOT _NE, | ,AND, TIPLOT .NE. 3) 60 70 4qg1e DK 6050
o ETWRIT¢ 21 8 _ T“ssq o e ... _ ..DK 6080
ETwRlIT( 3) 8 TrgpS DK 8070
..... _ ETWRITe 4) & TM8GOA - —— _DK 6080
IF ¢IPLOT 61, 2) ETmeT( 4) = TMSGED DK 6090
e B0 TC 4017 e e . . DR_BHINQ.
4016 ETWRIT, 2) ® TM8RGY nk #io
- ETwRIT¢ 33 ® T¥8G8 . DK . sil20
ETwRIT( 4) ® THM8GYS DK 6430
_4g1Y IF (IPLOY .61, 2y 60 YO 4039 . . _ e _ . .DK_8l40
U0 4018 T m 10,12 oK 6150
_4018 ETwRIT(1) & RB{NKu e — DX _A18D
G0 Tg 4020 nK 8170
_H8G19 ETARITr10) & T¥8GY? . N ... _DK ej80
ETWRIT(11) & T~8G8 DK 6190
_ ETwRIT 42) & TM8G . e DK 6200
Connne bR 6210
o ANNOTATED TaABULATION QF INPUT DaTa - DK s220
Coo nX 6230
_ 4029 ETWRIT, 5) = TMSGY .. DK 6240
IF ¢TLI8T ,6T, =,6) 60 To 4021 DK 82350
e BTURIT( 8) = TMSslz . - o DK £260
ETWRIT¢ 7) = T™8613 DK 6270
e GO TO dpg2 —— - - ~.DK 6280
4921 ETWRIT¢ &) = THSGin DK 6290
. ETWRIT¢ 7y m YMSGLY oK €300
4022 ETwWRITC B) = TusG2 DK @310
CJA‘],Q,“ . e e e J— DK 6320
Coeo POWERLMaTCHING AND VELDCITYQOPTIMIZATION REQUEST DK 6330
Lan . nk. €340
IF (PRI ,GT, 1 E-e) ETwRIT( 8) s THSGY DK 6350
ETWRIT, 9) 8 Tnsca e } DK 6360
Connne nK 6370
N __ NEXTeCASE4RETURN DR TERMINATION REQUEST DK 6380
Coe DK €399
1P _(TRETRN ,GT, 1.E=6) ETWRIT( 9) m TMEGY nE _b400
WRITE(6,8108) n pK 6410
__ WRITE(6,8106) ETWRIY DK_6420
Covsnnnnnns DK 6430
CooesMEADINGS FOR LISTING OF SECTION DATA INPUTS __DX_ 6440
DK 6450
) _ ____DK 8460
WRITE(6,8100) ITITLE,IRAGE nK 6470
o ¥RITE(6,8107) . e ... .DK 6480
IF (U LEG, 1) WRITE (6,8108) DK 6490
o IF 1V (EW, 2) WRITE (6,8109) - DK 8500
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DATACK PAGE ¢4
WRITE(6,8110) DK 6510
_ LINECY » 27 DK 6520
DO 4039 1 & ,N DK 6530
IF (LINERT LT, (LINEMXwiY) GO TO 4023 DK 6540
IPAGE ® IPAGE.} DK £5%0
WRITE,6,8111) ITITLE,IPAGE nK_ 6560
WRITE(6,8107) bk 6570
IF (1u .kn, 1) WRITE t6,8108) DK 6580
IF (IU ,EQG, @) WRITE (6,8109) 0K 69590
WRITE(H,B110) DK 6600
LINECY =» ¢9 DK 6610
Covnvsoveoey — DK _ 6620
ConnoDEFINITION OF SECTION DaTa INPORNATION AND FORMAY ARRAYS DK 6630
L oK. £6L0_
4033 NFORMT ¢ 1) a NLEFTY pK 6650
NFORMT (42) 3 IRIGMT _..DK_fbAD_
I0v & DK 6670
10F & 2 __. DK _86B0_
Casgns DK 60690
Laa INTEGER INFoRMATIQN _DK_$700
Cos DK 67310
DO 4030 J = 4,4 0K 6120
IF (NCHECK (T ,J) (NE, 0y GO 7O 4024 DK 6730
- NﬂRITE(lOVlﬁI 1BLNK2 DK 6740
NWRITE(TOVel) = 1BLNKU DK 6750
 IF NDATA(1,J) ,En, 0) GO 7O 4p28 o DK_6760
AWRITE(IOV) o IMSG) pK 6770
e NaRITE(IOVeL) ® IMSGR ... DK 6780
GU TO 4no8 DK 6790
4024 IF  NCHECK,1,Jy ,EQ, 0 ,OR, NDATA(I,Jy ,EB, 0) GO YO 4025 DK 6800
nwaITE(IOV) s NDATA(I,J) DK 6810
loy s Ioveld e . DK 6820
NFORMT (I0F) » 1IFLDS DK 6839
NFORMT(I0F+1) s ISPACC I . 1. 11 1
G0 TO 4p29 DK 6889
_4ugd IF (NCMECK(I,J)  NE, | LOR, NDATA¢l,J) ,NE, 0y GO TOQ 4026 DK _ 6880
MARITE (IOV) w IM8GY pK 6870
__NaglTE(IOVysl) a IMeB4 - S _ ___ ..DK 6880
GU T0 4n28 DK 6899
4026 1F (NCHECK(I,J) LNE, @ ,O0R, NDATA(],J)  NE, Q) GO TO 4027 _  _ . DK_6%900_
NWRITE(I0V) 3 IMSGs DK 8910
_ NWRITE(TIQV41) 8 w866 o ~ 0K 6920
50 T0 4p2A nk 6939
4027 NwglTE(I0y) » [Mg6? e pK 8940
NWRITE (10Ve1) ® IMSGB DX 6950
. 4028 J0v 8 10vVse2 — - e nDK 8960
NFORMT(IOF) g IAFLD2 nK 6970
NEORMT (TOFs1) u 1AFLDY R e DR 49840
4929 10F m 10Fe2 K 6990
4030 CONYINYE e DK 7000
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DATACK . PAGE 13

I0V] = 1(Vel Nk 7010
e I0VR & 10VIel . _DK 7020
C...o. DK 1030
Loa —— FLOATINGePOINTY INFORMATION e DK T 040
Coo nk 7¢%0
PO 4038 J = §,20 . i e DK 1060
IF (NCHECK(I,J) ,NE, 0) GO TO 4031 pK 7070
__ENWRIT(IQV) ® R_Lﬂni__ e e e _ DX 70890
ENWRIT¢10V41) m RBLNK4 DK 7090
IF (ABSCENDATACT,J)) L. T, {.,E=by GO Tn 4086 . 0K 7100
ENWRIT(I0V) w RMSGY nK 7410
. ENwWRIT(IOVel) m RMSG2 .. DK 1421
G0 TO dpnle DK 7138
_ 4031 IF (NCHECK(I,J) ,EQ, 0 ,OR, ABScENDATA(I,J)) LY, 1,Ewd) . DK _Tid4o.
t 60 T0 4q33 pK 71590
——  ENWRITCIOV) o ENDATACX, ) e DK 1480
I0V & 10Ved LPLERA S A
IF ¢J NE, S ,aND, J _NE 6y 60 YO 4032 . DK 1380
NFORMY (IOFy & IFLDO DK 719¢
__ NFDRMY(10F+)) m yBPACC - _.DK. 1200
60 TO d4n3? DK 7240
[ — ... DK 7220
Cou DATALMAGNITUDELCONTROLLED FORMaTTING pr 7230
B —..-DK T24D
4032 NFORMT(IOFy = IFFLDO nK 72%2
_ 1F (ENDATACy,J) LLTa 1000,) NFORMTLSQU s FFLD¢ . .. DK 7260
IF (ENDaTa(l,d)y ,LT, 100,) NFORMT(I0F) o IirFLbz pK 7270
1¥ IENDATAM.J) .LT. 10, NFORMT{IQF] & _yYFFLDY o DK 7280 ..
IF (EMDATA I, d) LT, 1y Nroamtxor; » 1PFLD4 pK 7290
- NFORMT{IOFoll [ ICOMMA, . . _...DK_T300
G0 TO 4037 DX 7310
4033 IF (NCHECK I,Jy  NE, 1 ,OR, ABS ENDATA(I,J)) ,GE, 1.,Ewby _ _ _ DnK 7320
1 GO TO 4934 nk T33¢
ENWRITC(IOV) & RM8G3 DK 1340
EWRIT(IOVH) ®m RM8G4Y nK 7350
4036 DK 7360
4034 IF (NCHEGK (I1,J)  NE, 2 JO0R, ABS(ENDATA(I,J)) ,GE, 1,E=b) DK 7370
4 GO TQ dnli, .. DK 138O
ENWRIT10V) 3 RMSGS DX 7390
_ENWRIT(IOVSi) s RMIGH DK_7400
GO YO 4036 DK T4%0
4035 ENWRIT(I0V) m RM8G? DK 7420
ENWRIT(I0V41) » RM3GS DK 7430
4036 10V & 10ve2 . — DK _T440 .
NFORMY (T0F) = TAFLDZ2 DK 74590
NFORMT(IOF41) m IAFLDY nK_T440
4037 IOF = 0F,2 Nk 7470
_ 4038 CONTINUE R _T480
10V 8 I0Vel DK 74990
__ AQlYE(O,NFORMY) (NwWwelTE(J),J & 1,J0V]),(ENWQIT(J),J & JOVYR,I0V) __ DK 7500
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DATACK PAGE 16

LINECT = LINECTe2 oK 7510
4039 CONTINUE DK 7520

RETURN DK 7830
Cotetsssssrosons PPN DK 840
CosDATA ERRpR MESSAGE FORMATS pK 75890

Coe Bk 7840
BODO FORMAT (/10X, azucRITICAL OMISSION(S) IN TUNNEL MASTER CONTROL DATA DK 7S70
A PREVENY EX ;cUTION OF THIS CASE, /10X, 41HANY SUCEEDING CASES wlLlL N DK 7%80

BOY BE AFFECTED,/ DK 7590
8001 FORMAT (/10X 74Haw ERROR we 1NVALID TEST SECTION UBSTREAM END SHAP 0K 7680

AE CODE wag 8pECIFIEN s, 12,237 (gHOULD RE §, 2 OR 3),/ pK 7610

B 413X 20MTHIS CASE CANNOY BE EXECUTED /) —— ___pK 7620

8002 FORMAY /544 THE UNITS OF MEASURE COBE IS IMPROPERLY spccmeo A8 DK 7630
o heYos5uH (SHOULD mE § OR 23, CHECK MASTER CaRD (COLUMN 4), _pK. Y64
R 120M gEE TME DaATA TABULATION AT THE END OF ¢MIS CASE, THE INTE DK 7650

CRNATIONALgﬁYSTEM OF UNITS WILL BE ASSUMED FOR TWIS CASE, _ . /3 ... DK 7640
8603 FORMAT ¢,/13 aX SSHas ERROR - INVALLID SECTION SMAPE CODE wWAS SPECI DK 7670
e ‘2150 48,172,800 ¢sHouLD BE 1, 2 OR 3)s _ THyS SECTION WILL BE SKIPPE DK Tedo.
RD /) DK 7690

Bogd FORMAT /13, 2X,10%9Hwa ERROR we INPUT SECTION TYPE CODE (CARD COLUM. ox 1100
ANS 3 AND 4y CaLL8 INVALID SECTION TYPE  DATA CARD IGNORED, #%/) DK 7710

8005 FORMAT (/I3,2%,11tHax ERROR we cRITICAL OMISSION(S8) Iv SECTION. INE DK 7720
BUY DATA, SEE DATA TABULATION AY END OF OUTPUT FOR THIS CASE, ##/) DK 7730

_ 8pp6 FORMAT (l“llija‘II19‘01‘3:25x1“HPAGE 13) . o o DK 1740 _
BOoT7 FURMAT (1204 NO, SECTION TYPE SHAPE My wl,D1 T AREAYL DK 7750
A Aysapn  AR,CR 2 THETA Vg MaCHy  LENGTH ,7nP/ﬁL _ DP/RO  pK_T7760.
A/ %0y, 338 H2 we, b2 AgEA2 A2/A0 ,11x. pk 1770
£ ek v2 MACH2 N N e .. ... DK 1780.
Bup8 FORHAT(EBX,aeH METERS METERS 84 M, g7x, 32HPEGREES mM/8EC DK 7790
A METERS /120H #¢ Jecsemssvcogt togu®t +Pow0y peemey DR 7800
2} ymomy oy IL LY Y LIT TP ¢mmeny svnny snasey gy Dk 7840
_ C__ _twwmyp - . i . DKk_7820
8009 FORMAT ¢3ox, 26H FEET FEET $Q FY ’ 18%,31HDEGREES FT/ pK 7830
ASEL FERY /IZOH ¢ ALl LTI 4vony  pwmy ¢ DK T840
ﬁ'..’ ¢oSay ¢momy pmmmy ywwonmy P L L Y LAl X ¢mmmmy ¢ DK 7&50
— Cowey tuvey e O o C ... ...DK 7880
Coo-coloooooloooo pK 71870
. ANNOIATED TABQL}TION LABELLING AND DATA FORMAYS . DK_7880_
t nK 7890
é!")‘) FORMAY (1nH1//8 1944 ,A3,6X,10ma s s CONTINUED o aesOX 4RBAGE, 13//7/ ﬂK..IQQQ_
4 44dx 324 ANNOTATED INPUT DATA TABULATION,, K 7910
. 12&“ (EMPTY) INDICATES OPTIONaL NON;REGUIRED INPUT PARAMETER W Dﬁ,TQZn_
CaS BEEN OMITTED OR PARAMETER May BE INTENOED a$ 2RO, DK 7930
oL 120HW  IERRQRY!_INDICATES MANDATORY INPUT PARAMETER HAS BEENHQMITT“DKﬂIQAn_
EED, THIg MUgT RE CORRECTED PEFORE COMPyTATION 18 POSSIBLE, / DK 7950
CF_ l20n  _JEXTRAY INDICATES SUPERpLUQUS INPUT PARAMETER HAS BEEN UNN DK 7960 _
GECESSARILY INCLUDED ON INPUT CaRD AND MaY WE REMOVED, / DK 7970
Hooj25H. 10PTING INDICATES OPTIONAL INPUY DATA HAS BEEN OMITTED AND DK 7980
1 THE PARAMETER WILL DEFAULY TO 5 PREDETERMINED VALUE, /) DK 7990
8101 FPORMAT (g7X,26MTUNNEL MaSTER CONTROL DATAysy . e DK 8000
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—— DATACK . PAGE. 3T,
A 20X,78H CASE TUNNEL UNITS SECT, SEcT, Hi ¥y MODEL VY0 PO Dk 8030
__BWER Pt 1Y P ATM ¢4 .-DK._8p20.

C 20x,6in 8EQ, TYPZ INLET EXIT D BLKGE LE oK 8030
nyEL ) R oK _ B8040
Blo2 FORMAT (21xX,4H NDos13X,12H SHAPE SMAPE,13X,17H PERe MEGAe/ DK 8080
A _SOX_4AIH M M CENY M/SEC wAYTS ATM D —— DK 8060

8103 FORMAT (21X,4H NO,,13X,12N SHAPE SHAPE,13X,1TH PERe FT/  10(3)/ DK 8070
A _SaX,47H FEET FEET CENT  SEC ___._Al___nli,r ATM ) DK_8080.

8104 FURMAT (48M DATA FyELD BEGINS/ DKk 8090
A 18K N CARD COLUMN we, 785 1 3 'y 8 b 13 nK 8100
816 21 26 3 36 41 dé / DK 8140
N - H__ae . . . 4 __ewvey 4vene 40vUny ¢evne 4o DK 6120
femy jsvny poemy 0---01% 0K 8130
8105 FORMAY (/744X ,33HCASE TERMINATION CONDITIONS Dataz/ DK _81d0.

A 27X,06H CASE TERMINATION OCCURRED (DUE TO BLANKS IN CARD COLUMNS DK 81is0
— B 3 aND 643y2 nX 81460
C 2Sx,eH AFTER,I13,61H INPUT gECTIONg, AND ACCORDING YO THE FOLLOW] DK 8170
____ DNG CONDITIONS we// DK _818Q .
E 20%,81H SUMMARY PLOTTING a8 INPUY V DK 8190
FELOCITYe RETURN 4 DK 8200 _
¢ 20X,81HCHARACTERISTICS A FunCrion DATA 0P DK 8210
HTIIMIZATION FOR NgXY ¢/ D 8220
1 20X,88H QUTRUT OF LENGTM TABULATION (F1 DK 8230
— JXED POWER) CABE 4 oK _8240
K 17+ TERMINATIONCODE/ oK 82%0
L 14H OATA FIELD IS,13K CONTAINED IN/ DK 8860
M 16H CARD COLUMNS ew,10X,74N5wé T«8 9« 0K 8270
NBO 11215 16920/ nk 8280
D 20x,81Hyweancuncnacan, ¢omrencase, PYTLITELT +wn DK 8290
Porosncewns, ¢mosnney /) ox 83060
8106 FORMAT (26x,A4,10%,344,5x,344,50x,A4,13x,A8/40X,3A4) DK 8310
8107 FORMAY (48x,24HSECTION DESCRIPYION DATA// DK_8320
A 120M SECT, SECT, SECT, SECT, TOTAL ITEMS Wi wy L H2 oKX 8330
8 w@g L/DH, CHORHD ALKGE PHYI KEXP  pep R 340
€ 120K SEQ, TYPE INLET EXIT ND PrR LY DK 83%0
D D2 8,AL  DHUB PRSTY KMEEN Kk RuFNES / DK 8360
g {20 INPUTY BHAPE BHAPE DUCTS DUCY DKk 8370
4 DMESH KT 99 ) DK_8380.
8108 FORMAT c6TX,u2n M/M, 10c0), / DK 8390
A 67x,53H8Q M PERs . - -
B 24Xx,96w NO, NO, M M M M L 1 M ¢ DK 8410
CENT  DEG METERS CENT  CENT
8109 FORMAT (67X,42HRT/FT, 10¢6), / on 8430
A__ 67X, S3IH8GQ FT/ _PERy 10¢w6) PERe PERs/ DK 8440
B 24X, 9eH NO, NO FEET FEEY FEEY FEET FEEY 80 FT FEET C DK 84%0
cEnt  B€g eEEY CENT CENT) DK 8480
8110 FORMAT ¢18H DATA FIELD BEGINS/ pK 8470
A 184 IN CARD COLUMN g/ DK . 8480
B laon 1 3 ] 6 Y " 1 16 21 26 DK 8490
€34 36 4y NY) Sy 86 61 YIS 2 16 ¢+ DK 8%00
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DATACK PAGE 18

n {20u *» e + + *e ¢4 49RO, sowmy pwmey 4umeny DX 8540
E ¢v00¢ ¢00as ¢8R0 $0%e) $9%0¢ puvey 489N, Luoe ees 4uw
Bi11 FORMAT (iM3//5%,AL,19A0,A3,6X%,16K,,,CONTINVED, ,4,,6X%,)4HPAGE,13//) DK 8530
END nK BSug
2
EAY LR
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- SPEED — _PAGE. _ 3.

~ SUAROUTINE SPEED(A,AMACH,Y) LY
CARRR AR AR AR NRAN A AR RN SRR RRAN RN AAR N AR KRR ANNA AN RSN ANE ARy haennsy 8D 20
CQt*ttttit*.t.tt.ttttt'ttitittiititttt*ttti!ttttﬁ!it*ﬁ**ttt'iititﬂtttttt QD 30

6. _THIS RQUTINE, 4 SUBROUTINE QF THE MiIN PROGRAM PERFORM, COMPUTES TME 8D 40
C LOCAL MaCH NUMBERS aND VELOCITIES, L]s) So

L CARRRRR ARG AR RARRND L1 L] g;_agaggxgzgggaaxxsgjxggggszxgzgﬁgzsgs!znDBQ. .80
A AR R AR NN R RN R AR R AR AN A AT AR AR NAANR AR R CRRARRRARRAANNRAG RN R NN, 8D 70

__COMMON/BLOCKE/ ASTAR,AT,G 8D .80
caiss b 90
_cl;i__ﬁ.r«ilﬁ_ﬁ:ﬂ:gmp_me_mw_m 80 100
Coes sd 110
EMY .._8b.. 120

1 EMN EMT.(AOTAR/A-u 70617 3Inn((G*] )/2,/(Caly))® s 130
oy 1os 2, 08utaed)unq(8e1,)/8,/(bet, ) 0gutyy .80 _ i40
2 (ASTARIA-EMTrct./(GQt.))at((l.-G)IZ /¢Gol,))n 80 1%0
ﬂ____,J._11+11£.1,1¢z¥_£ﬂ113213: odlintg)lal ) 80 180,
IF (ABSCEMN®EMT)I/ZEMN o T, 1.Ewd) GC To 2 80 170

EMY a EMN 8D _180.

GO TO 8D 190

2 _AMACH 9 EMN 8D 200
s0et0nne 18000 80 230
CA.L6CAL AT A3 AD _220.
Cans 80 230
ASL = AT/SORT(1,4¢6"),)73,AMACHARR) 8D 240

V g AMACHeASL 8b 280
RETURN . &b @60

END 8D 270
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SURROUTINE FRICTN(DM,)AsAMACH,SLAMDA) N0
CARNB AR AR AR R AR R RS AR AN AR AN AR AR IR AR RO AN RN R RN AR AR VAR NENARARARARA N AR nd PN 20
CRN AR AR NN AR AR AR R AR AR AR R R AR AN NN AR RN R I A ARNANRA AN R R AN RARARANRAANRRAND FN 30
£__THIS ROUTINE, , SUBROUYINE OF THE MaAIN PROGRAM PERFORM, pcOMPUTES THE EN 40
€ LUCAL REYNOLDS NUMBERS \ND SMOOTH-PIPE FRICTION COEFFICIENTS, EN 89
CAE NN N AR R R R AR AR AR AR AR AR R RN NN AR RN AR AN RRARNSARNA NN R ARR AN R RS AN AR hwns PN 60
CHNRARANAN R AN AR AR RN AR ARAN A RRRRRAAAR AN ANIIRANNARRRARRRARNANRNARRAARAAAAN N 70

COMMON/ALOCKC/ ASTAR,AT,G PN B0
COMMON/RLOCKD/ RNOC EN 90
BN {00
REYNOLDS *NUMBER BrSED ON THE CHARACTERISTIC DIMENSION DH (USUALLY BUT PN 110
_QJJNQI ALWAYS THE WYDRLULIC DIAMETER OF THE LOCaL DUCY) - _pN 120
FN 130
CA._“_WRN 8 RNOCWDH/Aw(l e (Gmi, ) /2, nAMACHRRRyRn,76 = . ®N_ {40
IF (RN ,GE, 4,E3y GO TO ¢ PN 150
Loeeos PSS PN 160
CoiFRICTION COEFFICIENT N 170
Coes e - _EN__ 180
.tnoooo.-. PN 190
CansaFOR REYNOLNS NUMRERS LESS THaN 4000 FN 200
Cooe FN 210
_____SLAMDA w ,3164/RN . - gN 220
C.... FN 230
Lot FOR'REYNOLOS NUMRERS LESS TWan 2000 BN 3un
c.. FN 250
_ _IF RN LT, 2,E3y SLAMDA 8 by, /RN . e _EN__260
T 60 10 ¢ FN 270
cuu_‘l‘_llA oo .LN_.~2‘BQ..
ConesNEWTONTS METHQD ITERATIQN FOR FRICTION COEFFICIENT AT REYNOLOS FN 290
CeeasNUMBERS GREAZTER THAN OR EQUAL TO 4006 .. _ _ ____ ___ _FEN_ 300
£, FN 310
v»m_,lwéLA"T,g. 008 o L ___EN__J20
2 SLAMN = SLAMTo((I.I(ALOGIO(SLAMTaRN*tZ)-,S))ata-SLANTs/ FN 330
_w___.__w424_ALQﬁl_iin_LIJJl_LQLAHI*(ALOGXUK L} wad)el,) PN J40
IF thﬂs(sLAHN-sLAMTy/sLAMN WLTe E-H) GO ro 3 FN 350
_____ SLAMT gy StawMN ] L I _ FN_ 36O
0 10 2 FN 370
% SLAMDA g S| AMN e EN___ 380
4 RETURN FN 390
ENp _ EN 400
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SURROUTINE GUTPUTCITYPRE,NN) nv i0

C,**ﬁ*‘**!**!3?#*3?#!!!!3!!!!‘!t!*!!t!!!!!t!!!,!!!1113:1&13!&!!&113!!3m.!ﬁﬁt,OT.__“_ZQ

RN R R A R R R Ak AR AR AR KRR RN AR A F AR R R AN AR R RARRNN RN R AR RN AR R Rk NT 30
L TH]IS ROUTIMNE, A SURROUTINE QF THE MalIN PROGRaM PERFORM, HWANDLES THE oY

€ OUTPUT FORMATYING OF CALCULATED SECTION PERFORMaNCE INFURMATION, o7 so

C!*t*i***_!!!!.!*!!!!!!!t!!.ﬁ!&!.ti!!.!ttt!!1*t!t!&x!!_tjt.t.a!t!ll!&&!l!!&ﬁ!)!.&!t_QT .50

AR AR R R R AR AR AR R R AR R AN AR N AN R AR AR AR RANAR AR RARR AR R AR AR R AR anwwn OT 70

COMMON/BLOCKA/ISED, ISHAPY , ISHAPR N nY 8

COMMON ,RLOCKE / AHACH],,AMACHa,AR,A“A:OAQ,AE,AEDAO , 01, ne, tK,EKO,EL, o7 90

SN S § L TR 4. 7-F05 PR 7-T5.0 YT S oy 100

NIMENSION NSECT;180),NSHAPE(3) oT 1o

Loaste e . ——nY 120

Cover e Tt N aTYPE NAVE DEFINITIONS o1 136

Loes e o1 __l40.

DATA ~SECTe 1),08BCY( 2),usECTC 3))n8ECT( 4),NSECT( S)/ o7 {%0

— 1 UWTESY, 4H SEc, 4WT, L, AWONST,  2H A/ ol __ten

UATA NBECT(  4)oNSECT¢ 7)oNSECY( B)/NSECTE 9),NSECT( 10)/ 0T iy0

.} WUHTESTY, 4H _SEC, 4HY, D, dWHIFSN, 2M ¢/ —— ... DY __180

DATA NSECT, 11y,N8ECT, 12), NSECT( 13),NSECT, 14),NSECT( 15)/ 01 190

o __.§ .. 4HMONE, aﬁLglN 4 tilt_nﬁl&aﬁ..aﬁcIA, S ot 200

DATA ;SECT( 16)'MSEELL_17J'NSE§T( 18) ,n8ECT( 19),NSECT( 20)7 g} 4:10

— 1 4MOPEN, yHeTHR 1 T 8E, 2HCT/ 0

DATA NSE¢T( 21), Egng( 22),yNSECT( 23),NSEcT( 24),NSECT( 25)/ 0T 230

o) HHCONS, 4HTANT, 4M _ARE, 4Ha DU, 2MCT/ . pnY Bun

DATA NSECT( 26),NSECT( 373 NSECTY 28) NSECT( 29),NSECT( 30)/ 0T 2%0

eV _HNCONT, 4MRACT, dHn, 8§, 4HING) , EHE / - DY__860_

DATA NSECT, 34y,NSECT, 32),N3Ec4f( 33), sEcT, 34),NSECT( 35)/ 0T 270

o YHYURN, aMING . GHVANE, u4HS =, oW 4 n? _2ap

ODara SECTr 36),.8ECT¢ 37),n8ECT¢ 38),58ECT( 39),NSECT( 40)/ al 290

1 _4HCORN, 4MER A, uWITH , 4HVANE  2HS / nT 300

DATA NSECT( 4y),NSECT(¢ az).NSECTc 43J.N35crc 44 yNBECT( 4R)/ nt 3490

) 4MCORy, 4HER, , 4MnQ V, 4MANES, 2KW . oY 320

Data NSBECT, 46),NBECT( 47),NSECT, ae),Ns&CTf 49) ,NSECT( 50)/ 0T 330

{ __4HCRNR, aH oK, aHQN R, M VAN, I2MES, nr 340

TOATA (SECT( S1),\8ECT¢ 52),n8ECTL 53),08ECT( S4),NSECT( 55)/ oT 3%90

1__4HDIFF, 4HUSER, uHM , UM en /. _ b G 1Y/

DATA “SECT( 56),n8ECT¢ 55),\.sscr¢ 58),n8ECT S9),NS8ECT( 60)/ o 3Y0

1 _GHEXIT oM KIN_ aWETIC, 4W ENR, 2HGY/ I 2 1Y

DATA NSECT( 64))NBECT( 62) NSECT( 63),NSECT( 64),NSECT( 68)/ 0T 390

1 4nN8UDD, oHEN E, UHXPAN, 4MSION, 2W / oY 400

DATA NSECT( pa)y NSECT¢ 57) NSECT( 68) yNSECT( (9),NSECT( 70)/ oY 410

{ 4HHONE, aWyCpw, 4HB FL, 4How 8§, gHIR/ 0T __ 420

DATA NSECT¢ 71),.8ECT( 72),u8ECT( 73),nSECT( Tu),NBECT( 75)/ oT 430

,__«_l__A_A1_EE_gﬁQlL_*_AﬁzLQ_,_JuLjJB,_Zﬁ_‘L_~1w~ DY 440

DATA NSECT( 76)sNSECT( 77),NSECT( 78),NSECT( 79),NSECT( 80)/ oT 4so

— 1 WHBLRE, uWEN, , WUHPERF, 4M PLA, @MTE/ 0l _4ao.

DATA NSECT( R1),NSECT( B82),NSECT( B%),NSECT ¢ B84),NSECT( 8%)/ oY 4vo

_——L_m aHEN‘ Py a“wIRE.. LH.ES_J RHH / e ar ﬁ.ﬂﬂ_

DATA NSECT( 86),N3ECT( 87),NSECT¢ 88),NSECT¢ 89),NSECT( 90)/ oY 490

{ 4HINTE, 4WRNAL, 4w STIR, awuCYU, 2MRE, ol _ %00

99
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Dayas NSECy( 91),NSECy( 92),NSECy¢ 93),NSECY( 94),NBECT( 99%)/ nT Sio0

— _QES_IAB_FMLLL,_LL&ED.._L_LQ&,_LLr ol 820
DATA NSECTC 96),nSECTC O7),n8ECTC 98),N8ECTC 99),NSECT(100)/ o7 530

TUaTa NSECT(1q1),NSECT(102),NSECT¢103),NSECT(104),NSECT(108)/ 0T SSp

1 “%MuLl+_A__DuL4_AﬁI_Ln4_AHu1BA+_2h£11________~_________ﬁ____.____gt__ibn_

UATA NSEcTtloe>.~s€c7(807)oNSEcT(108).NSECT(109).~8ECT(110)/ ot 8570

.y _HAbMULT, 4H DU _RHES / 0Y_ %Bg
DaTA NSECT(111)y NSECT(nz) NsEcT(u}) NSECT“UI) NSECT(118)/ 0T %90

N . ﬂﬂ_MULI_,_Aﬁ_D_L,_AH_h.AL,_wL_LE.,_EH.N.B 5y 600.
DATa NSECTU16).~SECT(117):NSECT(1;6)'NSECT(“9),NSECT¢12N/ 0T 810

1 Mﬂ_mu%1+_ﬂ__Q_2+_Q__1A¥+_Ah;_nk+_2hua 0T 620

DATA N zcruznmsecrn @) /NSECT(123) ,NSECT (1249 ,NSECT(125)/ 0T 630

1 _4BM D W CRN. u4WR, N, 4HO _2WNE/ 0T &40

CaTA NSE(.T(126)oNSECT(gz"),NSECTuzO) NSECT (129),NSECT(130)/ 8T 680

1 4HM D , 4Hiews, 4MLL D, 4MIF € 2HNR / - nY _6bo..
Dava NSECT(;;;).NSECTH}z),NSECT(”!) Nsﬁcnga),fvs!cﬂus:/ 0T s70

1 ““m9_4_9_ﬂ2_u¢.ﬁ4'p _4HIF C, 2HNR ¢ U & A 1.1}
NATA NBECT(136),N8eCT(137),N8ECT(138),NSECT(139),N8ECT(140)/ 0T 690
1__aWMULY oW DUe, oMY DI, 4HFFUS zHER/ e DY __ Y00

DaTA NsEéT(,a1:.~s£c1c,ag).~secr(,a;).Naectc,aa) NBECT(143)/ o 710

e UPBVANE, 4MD DI, 4HFFUS, 4WER , 2H / BT 120
DATA NSECT(‘ab)l”SECT(”{?)'NSECT(tQU)p~3!C7f109)'NSECT(150)/ oT 730

1 “HSUD I's “HEXP " “HM D Iy dHe &4_3”6]/ ,,,,, e oL OT ,7“Q

VATA N8FCY(181),NSeCT(¢152), NSFCT(ISS),NS[CT(!BH),NS!CT(I!S)/ ntT 780

1 uHsun __g_iﬁ_&_g_a_ﬁtmg M_,_2HD / —..01. 160
DaTA ~s€E7c,so). SECT(y57), NSECT(]SG).NSECTf159)oNSECT(IQOJI ot 770
el 4HB AN |, YHDUCTY, 4H g 8, 4HTRUY, 2M8 / —_ 0l...780
DATA NSECT(161) /NSECT((62) /NSECT(163) ,NSECT((64),NSECT(168)/ nT 790

| 4nFay , 4HCONY, 4HRACT, 4WI1Qn , M/ o1 800

DATA msECT(lbb).hSECT(lb?)oNsECT(lba)pNSECT(le),Ns!CT(170)/ 0T 810

.1 4HFaN , uHDIFS, uWRgCN, 4HWTR p, 2HDY/ oo o 820
DATA NBECT(971),NSECT(y72), NSECT(HS)oNSECTt\N)oNS!CT(l?!)/ nT 830
oA 4WMULT, gm INT . 4HRNL usmr 2HTIR/ e . 8T 8B40
DATA NSECTr(78), NSECT(Q77).NSECTU78).NSECTH‘N),NSECT(IGO)/ o7 8s90

] wvug,LJHIBL_.,_&ﬁHxE, _4Mp L0, 2H8S/ - ] .o;. g:o
C--.--oocn 0 0
,cu..sé,c.L.I.M.sM_LD_ELM,TmMg_, e nT B8¢
Cave 0T 890
T _LATA NSHAPE(1),NSHAPE(2),NGHAPEL3)/ WHCIRC, 4MRECY, 4HEL 0/ . OT 900
M1 B NNeSeld nt 910

NG B Mia4 N - 0T 920

IF cI8HaPY nE, | JO0R, ISHMAP2 NE, 1) GO TO nr 930
LCovesse — ol 940
CoannlTE STATENERNTS FO, GECTIONS WAICH WAVE CIRCuLaR CROSS-SECT!UNS 01 950
CosAl BOTH ENDS aT 960
Cana oY 9790
IF (1yyPE BO, %y . . o1 980

! WRITE(6,9111) mcwsccnn TON1,NS), NSHAPE (ISHAPY),D1,A1,A10A0, oY 990

2 V1, AMACHg EL,E!,E&D,&QHAPEJISHAEZ4,DZ,AE,A2QAO Y2, AMACH2 at 1000

100
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IF (ITYPE ,EG, 2) - ' o1

1010

1t ARITE(H9121) Np(NSECTCI) I3Ng ,NSY, NSHAPRLISHAPL),D1,AL,AL104A0, 01 1020
2 Vi, AMACHL Ek B O )NSHAPE(ISHARR),D2)A2,4240,V2,AMACK2 01 1030
1F (ITYPE EQq4. .3y ... oT 040

1 Want(b'9131) Ny (NSECT (1), 18N, N5),NSHAPE (ISHaP1),01,41,A1040, 01 1050
2 4R, THR,V1,aMACHL,E| ,Ewx,Ex0,NSHAPE (LSMAPR),02,42, AZQAO.VE AMACH2 0T 10e0

1F clrvpe JEGy 4) nT 1670
1 walTEc6,9132) Ny(NSECT(TI),I5N{,N3),NsHAPE(18MAPY ), 01,A1,A10A0, OT 1080
2 aR,TH2, Vi, aMACH{,EL, NSHAPE(ISHAPEI D2)hasA20A0,VE2,AMACHR2,EK,EXK0 0T 1090

G0 TO S T — .Y .1300
1 IF (ISHAPy ,EG, 1 ,OR, 1SHAPZ EG, 1) 60 TO 2 nY 1140
Cavesssassenssssas -0 1120

CoowRITE STATEMENTS FOR SgCTIONS WHICH HAVE Now;cxécuLAR CROSSSECTIONS OT 1130

CouaT BOTH ENDS . . o - e . .nT_1%40
Cosse AT 1150
IF (1TYPE EQe %3y .. . _ e e 0T 3180

y wRITE(f6,9141) No(NSECT(I) I'N1pNS)-NSHAPE(ISHAP!)rHI:WI Al' nt {1ve

2 aiQao, VILAMAC“hElJEK;E.\LO:NSH‘PE(ISHAPEJAHZLNZJQn‘jQAﬂLYEL_-A-. 0T 1180

3 A“Acuﬁ o7 1190

IF (11YPE _FG,. 2y . e .0Y {200

{ WRITE(es9151) Ny (NSECT(I), 18Ny ,N5),NSHAPE(ISHAPL), N1, ke, At, 0t 1210

2 AJOAQ, VI, AMACHY  EX,EXQO,NSHAPE ¢ISHAPR) ,H2,w2,42,A20A0,V2,AMACHR . 0T 1220

IF (ITYPE LEO, ™) o7 1230

1 ARITE(6,9161) ano(nSECTCI),TI0N 1, N0 nSHARE (I8HAP Yyl Wi al, 0T L1240

2 B10A0,AR,THE,V1,AMACKY EL )EK)EKO, NSHAPE(ISHARPR) )HR)WE )AL, AZnAO, 0T 12%0

3 ve, AMACHE e R _ — . ..0Y 1260 .

1F (ITY°E eo nt 1270

1 WRITE(6,S lﬁil_ﬂLLNﬁicTilllx-N1LNS).NSHAPELLSHAPJJLHLL_S;AJ: ....DY_ 1460

2 AyCag, AR, TH2,Vy, AMACH  EL,NSHAPE(I8HAP2) W3, 42, 4A2,A2040,V2, nT 1290

Y} AmMaCH2,E. Ex® _ e .W______‘"W_M,___,MW___,_,H‘,,Hnt_llon_

GO Y0 4 nt 310

2 IF (I18HaPy _NE_  { ,OR_ 18HaAP2 ,EQ, 13y GO YO 3 _ .07 1320

u!l ﬂT ‘330
CRApRRCEn) *éhiN*é POR SECTIONS ¥WHICH HAVE A CIRCULAR CROSS~SECTION AT 0T. 1340
C THE UPST“EA" END AND A NONJCIRCULAR CROBS.SECTION aT THE DOWNSTREAM OT 1350

CalEND — --0T 1360
Coes oT 1370
. __jf (1TYRE Ega 1) nY. 1380
1 wRITE(6,9171) N, (NSECT(I),l18N{, NS),NSHAPE (18HaPLY,01,41,A80A0, 0T 1390

_ 8 __V¥1,AMACH] ,EL,EX,EXKQO, NSHAPEPISHAPR) ,H2, W@, 42,A2040,V2,AMACH2 0T 1400
IF (1TYoE ,EC, 2) 0T 14490

1 wnxre,ojo1&11__;48Sinté1441__1+ﬂ,14y9ﬂAPE ¢ISHAPLY,01,AL,A080, OT 1420

2 V1,AMACH1 EN,EXQO,nSHAPE(I8HAPR)  H2,)W2,A2,A20A0,v2,AMACH2 0T 1430

— __IF (IIYPE _EQ_ 3) e ———_pT Y440

1 WRITE(6,9191) no (NSECT(I)slant,NS) NSHAPE (ISHAPLY,01,A1,A10A0, 0T 1450
— 2 AR 7&24!1;A.A£_14EL4£54£Ko;, NSHAPECIBHARR), uzlua;nztAznAn4yiu_m"__nJ 1460

3 AmACH? nT 1470
o IF (11YPE _EQ, 4y 0T 1480
1 HRITE(6.9192) N,(MSEcT(I) 1-&1 NS),NSHAP&tISHAPl)polpﬂl AlOAo, nY 1490
2 AR, THa.yg.AMACH1.EL.NSHAPE:ISHAszghz;wa.Aa,ABDAO MR.AMACHE. .07 1800
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3 EX,EKO ot 1540
d_ _ 01 1820
cno;o . . ot 1530
Coonni e 83 2NENY8 #0R SECTIONS WHICH WAVE A NONMCIACULAR CROSSHSECTION OT 1840
C, AT THE UPSTREAM END AND A CIRCULAR CROB54BECTION AT THE DOWNSTREAM 01 $550
L4,END 5T 1560
Cosve ot {870
3 1F (1TYeE ,EQ, 1) 0y 1580 .
1 WRITE(6,9201) N, (NSECT 1), 10Nt NSy, NBHAPE ISHAPL) M, Wi, AL, oY 1590
2 _ALQAQ,V1,AMACHY -0Y 1600
IF (ITYPE EG, 2) 0T 1610
e 4 wplTEC6,9211) No(NgECT(I),IONI,NS) NSHApE(TISHAPL) ML, Wl Al, 07 1620
2 A10AO,V1,AMACH] EX,EKO,NSHAPE(ISHAP2),D2,A2,A2040,V2)AMACH2 nT 1630
. __1L191151111=3,, = oY sk
1 WRITE(6s9221) NoCNSECT(I)»InNg,NS) NBSHAPECTISHARL) )HI, Wi AL, 01 1680
__J___umwumm“mmm*mmun_
3 AMACH) 0T 1670
e JF TYPE 0, uy Y ie80.
1 wRITE(6,9222) Na(NSECT(I),)ISN1,NS) ,NSHAPE(ISHAPL), M, W1, A, 07 1690
. _2 h10AQ AR TH2 V4 aMACHy EL NSHAPE(ISHAP24 D2 42,A2040,¥2,AMACH2, OT 1700
3 Ex,Fx0 oT 31710
o _ U RETURN ol 1720
Covnnagns 0T 1730
Coeas82eiiOn oERFORMANCE CALCULATION OUTpUY WRITE FORMATS 011740
e 0T 17%0
9111 FORMAT (/13,1x,4A0,AR,1%,048,8Y,F9,2,F11,2,F7,2,16X,F0,1,F7,3, 0T 1760
A F9 2,2F9 §,23X,A0,8X,F9 2,F11 2,FT 2,16X,P8 1,F7,3) oT 1770
_ 9121 FORMAT ¢, 18, 4,080,402, 1%, 84, 8x, 89,2, F10.2,87,3,16X,78,1,79,3, 01 1780
A 9y,2F9,%/23y,hd,8y,F9,2,F11,2,F7,2,16y,FB8,1,F7,3) 0T 1790
9131 FOpMAY /13,1x,4A4,42,1y,A4,8y,F9,2,F)}1,2,2F7,2,F9,2,F08,1,F7.3, __ 0T 1800
A rc.a,zre.S/zsx,Aa,sx.ro.z,rt1.2.Ff.z,tex,ra.1.r7.3) ol 1810
_ 9132 FORMAT ,/13,1x,0A4,82,1x,A4,8x%,F9,2,F11,2,2F7,2,F9,2,F8,1,F7,3, _ 07 1820
A F9 a/zsx,u.ax,ré‘z.ng 20F7,2,16%,F8 1,F7 3,9x,2F9,9) o7 1830

_ 9149 FORMAT (/13,9%,484,382,9%,84,9802,F9,2,711.2,#7,2,16X,P8,1,F7.3,. . OT 1840

4 F9,2,2F9,5/23y, 04, F8,2,F9,2,F11,2,F7,2,16y,F8,1,F7,3) pt 1880

__3_!.54__"_93'_‘,‘LL-&!H*;I!;H‘:‘LAZ...IX,.é“.ﬁ@.i.ﬁ?;ﬁ. ll;%ﬂ;idﬂu[i.hﬂ.}, . DT_1860
& 9y,2F9,5/23y,A4,FB8,2,F9,2,F11,2,F7,2,16x,F8,1,F7,3) nY 1870

9161 FORMAT ,/13,1X,8A4,42,1%,A4,FB,2 F9,2 F11,8,2F7,2,F9,2,F8,1,F7,3, 01 1880
A P9 2,2F9 5,23%,A4,F8 2,F9 2,F1y 24F7 2/16%X,F8,1,F7,3) 0t 1890
9162 FORMAT /18, 1%, 04,82, 00,00:F8,8,09,2,811,2,257,2,F9,2,F8,1,F7,3, 0oT 1900
A F9,2/23),A4,FB8,2,F9,2,F11,2,F7,2,16,,F8,1,F7,3,9x,2F9,5) nT 1910

_ 9471 FORMAY ¢/13,1%,4A4,A2,1X,80,8%,F9,2 F11,2. 77,2, 10X,F8,1,F7,3,F9.2, 0T 1920
A 2FG S/23% AULFB2,FI,2.F11,2,FTe2,16x,FB,1,rF0,3) o7 1930
_9181 FOgMAT ¢/13,1x,080,A2,1x,A4,8y,F9,2,F11,2,F1,2,16X,F8,1,F7,3,9x, 0T 1940
A 2F9.5,33y,A4,F8 ,2,F9 2,F11 2,F7,2,16X,FB 1,F7,3) 0T 19%0
9391 FORMAY /1%, 10,408,020, 0usBXoF922,F11,2,8F7,2,59,2,F8,1,F7,3, .07 1960
A F9,2,2F9 5/23y,A4,F8,2,F9,2,F11,2,F7,2,16x,F8,1,F7,3) 0T 1970
9’92 FORNAT 1/13;1’.‘“““2.!X.A‘J,BX,F9.2,FI1.2,2F7.2.F9.35F9.I.F7.3; OT 19&0
A Fg.Z/ESX,AU,FB.Z,’9.2,F11.E,F",Z,lbl,’e¢1,57.3p9X0379.5) ﬂT ‘990

920y FORMAT (/13,9XsdAd082,1%X)A4sPB42,F902,F1102,F7,2,16X,F8,1,FT,3, 0T 2000
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b F9,2,2F9,5/23%,A4,8%,F9,2,F11,2,F7,2,16X,F8,1,F7,3) o1 2040
9213 FORMAT ¢/13,1%,444,42,1x,44,F8,2,F9,2,F11,2,P7,2,16X,78,1,F7,3,9X, 07 2020
A 2F9,5/23%,A0,8X,F9,2,F1142,F742,16X,F8,1,F7,3) o7 2030
9221 FORMAT t/l!M;Q&MMfMMMWO
A F9,2,2F9,5/23x,44, Bx,PQ.Z Fll 2 FT 2,16X,F8,1,F7,3) nt 2080
S222 FOR“‘T UI};U‘;‘““;J J.,!J.L;l;.lf_l 2,F9,2,P8,1,F7,3, 01 204640
s F9. 2/23)(,&0 8x,r9, Z,FH 2;!‘7 2,16X,FB,1,F7,3,9%,2F9,9%) 0T 2070
END . nY 2080
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PLOTIY _PAGE 1

SURROUTINE PLOTIT(N,pELP,SIUMEL,88UMKO, SU, IPLOT,ITITLE, TRETRN, PT 10
) o1 20

CARAR R AR RN AR R RARAN IR RN R RARRARANRNRRANARRRRNANRA AR AR ARk anwnn PT 38
A N RN NN AR PP AR RN R NN R AN AN SR ANRAR AR KARRRAR SISO RS RG AR Ny apakwnng PT &
C THI§ nour!us, A suaaouv:ns oF THE wAIN PROGRAM PERFORM, PLOTS WALL PT S0

c__PRESSURE DIFFERENTIAL AND,OR CUMMULATIV Ei NONDIMENSIONAL PRESSURE  PT &0
C LOSSES AGAINST cUMMULATIVE CIRCUIT CENTERLINE LENGTH, THIS PLOT PT 70
C_SURROUTINE Wa8 WRITTEN FOR 4 ZETA PLOYTER WITH 0,00SeINCH INCREMENTS, PT 80

¢ NOyE,,, WHEN PLOTTING IN oI UNITs, CENTIMETER SCALES wILL RESULT, PY 33
WWW -
CONNRRNRRARRRAANR AR A RN R AR RAARRRARRRANARRANRRRANRRARREANRRRRA AR Rannannns PT 110
__ DIMENSION DE P¢32),IYIT EC21),88UMEL( x0¢32) 0.
DIMENSION IXCoy,IXNCoy, IXNM(6),1Y(6),IYNCO),TYNMLS) PT 130
Cososae et 140
Cao PLOT AX1S LABELS ARRAYS pT 1%0
Loe _aY 160
DAYA IXNCL)oIXNCR)oIXNC3))IXNCE), IXN(S),IXN(6)/ UHCIRC,4HUTY , PYT 170

1 UHLENG, 4NTH (JuNFEET, 4H) / o1 _1a0

DATA IXNM¢1), thMcl) !xunts;,xxnnga),xx~M¢5) IXNM(6)/ UWMCIRG, pT 190

1 4HULT auL: G uHTH ¢ 4HMETE 4HRS) 8T __200

DATA yYN(1)spYNER)ITYN(3) YV(“):!VN(s)OIVNtb)/ 4HWALL , 4N PRE, pT 210

1 4m88uUR, anE b, 4NB /80, 4N ;T\/ . pY 820
“DATA TYMM((), 1YNM(2).1YNM(3) P TYNMEU) s TYNM(B) , TYNMCO)/ UHwaLL, PT 230

1 4H gne.anggug, HE (na4H/78Q UMMy / PY 240
Cosnnnge pT 250
cll..nénbvlmc of THE PLOTTER An0 ESTABLISHME,T oF YHE ORIGIN pT__260
Covs pY 270
___‘__l__LL_l1nL.IQ.l.;LI;.l;!__J_jLLL~pLOT'll!nloi pY 280
eses pT 290
;....6&#1 }y10N OF PLOYTER PARAMETERS IN §TYANDAQD PLOTTER UNITS (INCHES) PT. 300
Coes pT 310
Nl ® Nel . RY__320

NE W N2 PT 330
FACY 2 ¢ ~RYI__ 340

XLEn @« 1S, eT 35p

YLEN B 10 . — nt__36¢

PYLEN & YLENa,S PT 370
YLAB » YLENe ¢ oY 380

ANEXT B 47, pt 390

Y¥aX ® 11, - BT 400

YMARG ® S PY 410
CAA-A- DT QZO
Cos DEFINITION OF aAXIS LABELS pT 430
Coe e BY. 440
Dn S0 I = §,6 PT 450

1YC1) w IYNCY) e e e e BY 480

Ix¢I) m IxNEYD) pT 470

S0 CONTINUE e B e e PY _480
Cosetesnnss pT 490
LanaaTEST FpR TYPE oF UnITS . .. I .. _.PY _S00
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R PLOYZT e

Coes . N
. ) CIF _tlu_onE, 2) Go Yo 3000

PAGE. 2

”p’r's’:o'
520
nT $30

C::::;55iﬁﬁ"Eml_QE_QiilﬁﬁAIED_ﬂﬂALE.!ACTQB.JND_ELQIIINB_DF A BMALL. «- AY. _PYT__ . S40

(-.l..THE URIGIN

Ce
1000 CONTINUE

PY 9S50

——pY__S80

T 8570

___CallL FACTOR(FACT) T __s80
CaLL SMODE(¢0,1,) pT 590

Call PLOT(0,0,eYMAX,@3) 21 _600.

CALL PLAT(040,YMARG, =3} PT 6310

o _GALL SYMBOL(0 040,0s,008s340,0s01) RY__620.
sesetnny PT 630
CosseDETERMINATION oF SCALE Fop CIRCUTT LENGTH oN x ax18 -~ 21_buo
c PY 630
' CALL SCALE (SSUMEL,XLEN,N,1) 21__se0
Cavore pT 670
Can TRANSFER IF oRESSUREeLOSS olLOY ONLY _.p1__e80
¢ PT 690
._:_._u_um.gy_,z_,_n GO_y0 2000 21100
° 10

g,,-_m'paessahranmm PLOYTED AGAINST CIRCUIT LENGTH pI__ 120
o tieT 130
O CALL AXTS(0,050,0,1X,928,XLEN,0 (OrSUMELINL) QUMEL(NR)) __x: BTTdO
Call SYMBOL(0,5,YLAB,1,ITITLE,0,0,79) i PT., 150
o ecalL SCALE(SSUMKD,VLEN Ngt1y o _N_:pw_ 160
CALL AX1S(04040,0,13HPRESSURE | 088, 13,pY EN,90,,88UMKO(NS), PT . 770

2 S8UNMKQ(N2)) —— PI.. T80

CALL LINEcssu"EL.ssu”KOpN'l 1,0y PT 790

_ir gx LOT 2Q_ 4y GO TO 2509 . .. RY. BOO
Cevevonne pT 840
C,1e4DEFT rlDN OF LOCAYION OF OplGIN FOp Ngw PLOY ————— . PY 820
Covs PT 830
CALL PLOT(O0,0,0YMAX,23) —...pY.  86o.

CaLl PLOT(O.O.Y"AQG,-I) T 8S0

CaLL PLOT(XNEXT,0,0003) 3 S T'Y ]

Call SYMBOL(O.O,O.O'.OOI,3,0.0,0!) ﬂf 870
—5*+E+gg+ffrrfgr;vlva————————————w- --PI 880
CoolUMMULATIVE PplsgUnE LOgs PLOYTED AGAINGY CIRCUIT LENGTH pt 890
Cosa -1 900
2000 CONTINUE PT 9%0
1 (N1),ggUMEL EN2)) —— . B1.__ %20

CALL SYMBOL ¢,S,YLAB,,1,ITITLE,0,0,7 ) BT 930

CaLl SCALEC(DELP,YLEN, N.n _.pY Q4o

CatL Axlsco 0y o 0s1vy24,pYLEN,90,,DELP(N),DELR(NR)) PT 950

s 121,09 —PI. 960

conoooéa PT 970
_L_lll.&_QE_LQﬂAll_“_nE__nlQl__l_n_ﬂlxr PLOY pT 980

c PT 990
2800 CONYINUE _pY 1000
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PLOYYT PaGE. 3

CALL PLOT(0,0,)=YMAX,»3) : PT 1010

P . 3) Py 1020

CALL PLOT(XNEXT,0,0,23) pT 1030
PLOYON o 1§, —RY. 3040
Cosnvgonieas pY 1080
Nﬁ};“1!_nn_!ﬂRE_ﬂA!El4_ﬁnNIRnL_EIBHAMENILI_IAKIu_ZRnﬁ_ELQII!!______.,__-w.al_lnbﬂ
Coes . PT 1070
IF (sBS(TRETEN) LY, 3,Ewéby CALL pLOT¢0,0,0,0,990y  _pY 1080
RETURN PT 1090
r‘.A.AAA-AA «”,.Jmo-
CososPARAMETER CONVERSION TO 81 UNZITS P; :i;o
Cooe . PY. 3120
3000 CONTINUE pT 1130
FAL 999 el ftd0.

XLEN ® {5 o1 20999 oT 1180

YLEN ® 10,e1,2,999 #Y. 4160

YLAB u vLEN¢,t pY {170

XNEXT 3 17 wy 26999 pl L4180,

YMAY B 11,41,86999 pT 1190
_____W!EAEi_g_Y51LY25999 91 4200
Do 3500 s 1,6 PT 1210

1Y(l) o TYNMcY) Rl 1220

3500 Ix(1) = IxNm(l) pT 13230
GO _T0 1000 RY_ 1240

ENn Y 1350
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APPENDIX D
INPUT AND OUTPUT FOR SAMPLE CASES

Six wind tunnels.were used, in addition to the test case (fig. 11); aé!
sample cases to establish the reliability and accuracy of the computer program
analysis technique for thée various types of duct components and wind tunnel
circuits. Each case included here is titled with the appropriate wind tunnel
name and its pages are numbered. The performance analyses are presented on
the first two to three pages of each case. The summary characteristics tabu-
lations and the plotted information were omitted. The annotated tabulations
of the input data were included for reference.

The results of the performance analyses are summarized in table 6. They

are discussed and critiqued in the Results and Evaluation sections of this
report. .
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TABLE 1.- NUMERIC INPUT CODE DEFINITIONS

Code type

Code
value

Description of code meaning

Tunriel type

Units of measure

Section shape

'

Section type
Plot type

WNHEHNMFEOWVLEWN

Closed test section, single-return tunnel

Closed test section, double-return tunnel

Closed test section, non-return tunnel

Open-throat, single-return tunnel

Open-throat, double-return tunnel

Open-throat, non-return tunnel

International System of Units (SI)

U.S. Customary Units

Circular cross section

Rectangular cross section

Flat oval cross section (ceiling and floor
parallel with semicircular sidewalls)

(See table 4)

No plots

Cummulative pressure losses vs c¢ircuit
length

Wall pressure differential vs circuit
length

Cummulative pressure losses and wall
pressure differential vs circuit length
(on separate plots)
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TABLE 4.- ADDITIONAL, SECTION-DEPENDENT INPUT REQUIREMENTS

Section Additional
input Requirement?a Card
Type description Type title(s) column(s)
code
Single ducts:
Test section, closed, constant 01 -
area, empty
Test section, closed, constant 02 S/AL Required 36-40
area with model BLKGE Optional 46-50
CD Required 61-65
D EPS Optional 76-80
Test section, closed, 03 KEXP Default 56-60
diffusing, empty
Test section, closed
04 S/AL Required 36-40
diffusing,with model BLKGE optional 46-50
KEXP Default 56-60
CD Required 61-65
D EPS Optional 76-80
Test section, open-throat, 05 —-—
empty
Test section, open-throat, 06 S/AL Required 36-40
with model BLKGE Optional 46-50
CD Required 61-65
D EPS Optional 76-80
Constant—area duct 10 -
Contraction 20 ——
Corner, constant—area, turning | 30 CHORD Required 41-45
vanes only PHI Required 51-55
KT 90 Default 56-60
RNREF Default 66-70
Corner, constant-area, with 32 CHORD Required 41-45
turning vanes and walls PHY Required 51-55
KT 90 Default 56-60
RNREF Default 66-70
Corner, constant-area, with 33 PHI Required 51-55
walls and without turning KT 90 Default 56~60
vanes
Corner, diffusing, with 34 CHORD Required 41-45
turning vanes and walls PHI Required 51-55
KT 90 Default 56-60
RNREF Default 66-70
Diffuser 40 KEXP Default 56-60
Exit kinetic energy from flow 45 -
dump
Sudden expansion 46 —-—
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ABRLE 4.~

ADDITIONAL, SECTION-DEPENDENT INPUT REQUIREMENTS - Continued.

Section Additional A cara
T input Requirement? 1 (
Type description ype title(s) column(s)
code
Flow straighteners, thin 51 L/DH Required 36-40
honeycomb PRSTY Required 46-50
RUFNESS Default 66-70
Flow straighteners, thick 52 L/DH Default 36-40
airfoils PRSTY Required 46-50
Perforated plate with sharp- 53 PRSTY Required 46-50
edged orifices
Woven mesh screen 54 DMESH Required 41-45
PRSTY Required 46~50
KMESH Default 56-60
Internal structure (drag 56 ITEMS Default 9-10
item(s)) at upstream end of S/AL Required 36-40
section BLKGE Optional 46-50
CD Required 61-65
D EPS Optional 75-80
Fixed, known local loss item 57 K Required 61-65
at upstream end of section
Multiple ducts:
Constant-area ducts 61 DUCTS Required 7-8
Contractions 62 DUCTS Required 7-8
Corners, constant-—area; 70 DUCTS Required 7-8
turning vanes only CHORD Required 41-45
PHI Required 51-55
KT 90 Default 56-60
RNREF Default 66-70
Corners, constant—-area, with 71 DUCTS Required 7-8
turning vanes and only one CHORD Required 41-45
side-wall each PHI Required 51-55
KT 90 Default 56-60
RNREF Default 66-70
Corners, constant-area, with 72 DUCTS Required 7-8
turning vanes and walls CHORD Required 41-45
PHI Required 51-55
KT 90 Default 56-60
RNREF Default 66-70
Corners, constant—-area, with 73 DUCTS Required 7-8
walls and without turning PHI Required 51-55
vanes KT 70 Default 56-60
Corners, diffusing, with 74 DUCTS Required 7-8
turning vanes and only one CHORD Required 41-45
side-wall each PHI Required 51-55
KT 90 Default 56-60
RNREF Default 66-70
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TABLE 4.- ADDITIONAL, SECTION-DEPENDENT INPUT REQUIREMENTS - Concluded.

Section Additional
input Requirement?a Card
Type description Type title(s) column(s)
code
Corners, diffusing, with 75 DUCTS Required 7-8
turning vanes and walls CHORD Required 41-45
PHI Required 51-55
KT 90 Default 56-60
RNREF Default 66-70
Diffusers 84 DUCTS Required 7-8
KEXP Default 56-60
Vaned diffuser 85 —
Sudden expansion from multiple | 86 DUCTS Required 7-8
ducts to single duct
Sudden expansion from multiple | 87 DUCTS Required 7-8
ducts to multiple ducts
Fan, constant-area annular 91 DUCTS Default 7-8
duct(s) with motor-support ITEMS Default 9-10
strut(s) S/AL Required 36-40
DHUB Required 41-45
BLKGE Optional 46-50
CD Required 61-65
ETA Default 71-75
D EPS Optional 75-80
Fan contraction(s) to annular 92 DUCTS Default 7-8
duct(s) with motor-support ITEMS Default 9-10
strut(s) DHUB Required 41-45
BLKGE Optional 46-50
Fan diffuser(s) from annular 94 DUCTS Default 7-8
duct(s), each with tapering, DHUB Required 41-45
cone-shaped centerbody BLKGE Optional 46-50
KEXP Default 56-60
Internal structure (drag 96 DUCTS Required 7-8
item(s)) at upstream end of ITEMS Default 9-10
each duct S/AL Required 36-40
BLKGE Optional 46-50
)] Required 61-65
D EPS Optional 75-80
Fixed, known local loss item 97 DUCTS Required 7-8
at upstream end of each duct K Required 61-65

8pefault" indicates the input is optional and has a default value if omitted
(see table 3).

"Optional"” indicates the input may be selected and included as desired.

"Required" indicates the input must be non-zero and included for all sections

of the specified type or the section will be skipped and the case not
completed due to input error.
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TABLE 5.- CASE TERMINATION TASK DESCRIPTIONS

Card Input Input .
column(s) type value Task description
3-4 Blanks | Blanks | Case termination card identification
6 Integer Summary characteristics page(s):
0 Non-print
#0 Print
7-8 Real Plotting of summary information as a function
of distance through circuit:
<0.0 No plots
1. Cummulative pressure loss
2. Wall pressure differential
>2. Cummulative pressure loss and wall pressure
differential
9-10 Real Complete, annotated tabulation of input
values:
0.0 No print unless internally forced by
omission of required inputs
#0.0 "Chosen'" tabulation
11-15 Real Power-matching (optimizing velocity for a
specified power level):
0.0 | No velocity optimization
#0.0 | Velocity optimization
16-20 Real Return to beginning for evaluation of another
case:
0.0 No return, program termination
#0.0 Return
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Basic
Parameters
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Data and
Function Definition

1

Parameter
Initialization

Vs
Read
Title Card

!

|Check Title Card

I Read Master Card

| J L

Main Program (PERFORM)

—0

Subroutine _A_ACK
ICheck Master Card J
B-— T {f Master Card Error
Skip Analysis, Only
Read & Check Cards
nits
S| of US | Basic
Measure Parameters
Test
®
General Test
Section Flow

Parameters

(a) Main program.

Read One
Section Card

Section
Geometry

2 2 (ol

Default Valve
for Diffuser
Expansion Loss

Definition of
Termination Parameters

Su_lzroulirf RAIACK

Section
Card Check

If Master or Section
Card Error, Transfer to

Subroutine SPEED

Subroutine FRICTN

Constant as Required

Branching
to Section
Type

Figure 7.- Basic functional flow chart.
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Number and
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Local Reynolds
Number and Friction
Coefficient
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Data-Checking Subroutine (DATACK)

=
!

Data and Parameter
Definition

Section > Tabulation of
Card Checking Branching input Data
to Appropriate
Sub-part
Master
Card Checking y
Determination of Determination Assignment of Fixed
Required General of Required Format Parameters
Inputs Master Inputs
] Checking
) Checking and Setting Requirements and
Branching Error Codes Filling Arrays with
to Section I Data or Message
Type
‘ Return ’ }
Print Tabulation of
} of Data and Messages

Section

Definition of Section

Input Requirements

Checking and Setting
Error Codes

!

( Return )
&)

(b) Data-checking subroutine.

Figure 7.- Continued.
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Local Speed Subroutine (SPEED)

=

 J

Local Mach Number
and Velocity

Local Reynolds Number and Friction Coefficient Subroutine
(FRICTN)

o D

Reynolds
Number

Friction
Coefficient

(c) Local speed and Reynolds number/friction coefficient subroutines.

Figure 7.- Continued.
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Section Analysis
Information
Output
Subroutine
(GUTPUT)

=
!

Definition of
Section Titles

Summary Information
Plotting Subroutine

(PLATIT)

C Start

D)

i

Definition of Plot

Titles and Parameters

Branching t0 us Test for
Section Type Units of
and Shape Measure
I l ! $ l l Modify Parameters
for Sl Plots
Set Plot
Typical Starting Point
Section
Write
Section Pressure
Information Losses
( Return )
Yes Loss Plot
Requested?
No
Plot Pressure Losses
——

(d) Section information output and plotting subroutines.

Set Up Next Plot
Starting Point

'

C Return

)

®

Figure 7.- Concluded.
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